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EDITORS’ NOTE

The Atlas of Tumor Pathology has a long and distinguished history. It was first conceived at

a Cancer Research Meeting held in St. Louis in September 1947 as an attempt to standardize

the nomenclature of neoplastic diseases. The first series was sponsored by the National

Academy of Sciences-National Research Council. The organization of this Sisyphean effort

was entrusted to the Subcommittee on Oncology of the Committee on Pathology, and Dr.

Arthur Purdy Stout was the first editor-in-chief Many of the illustrations were provided by

the Medical Illustration Service of the Armed Forces Institute of Pathology, the type was set

by the Government Printing Office, and the final printing was done at the Armed Forces

Institute of Pathology (hence the colloquial appellation “AFIP Fascicles”). The American
Registry of Pathology purchased the Fascicles from the Government Printing Office and sold

them virtually at cost. Over a period of 20 years, approximately 15,000 copies each of nearly

40 Fascicles were produced. The worldwide impact that these publications have had over the

years has largely surpassed the original goal. They quickly became among the most influen-

tial publications on tumor pathology ever written, primarily because of their overall high

quality but also because their low cost made them easily accessible to pathologists and other

students of oncology the world over.

Upon completion of the first series, the National Academy of Sciences-National Research

Council handed further pursuit of the project over to the newly created Universities Associated

for Research and Education in Pathology (UAREP). A second series was started, generously

supported by grants from the AFIP, the National Cancer Institute, and the American Cancer
Society. Dr. Harlan I. Firminger became the editor-in-chief and was succeeded by Dr. William

H. Hartmann. The second series Fascicles were produced as bound volumes instead of loose

leaflets. They featured a more comprehensive coverage of the subjects, to the extent that the

Fascicles could no longer be regarded as “atlases” but rather as monographs describing and
illustrating in detail the tumors and tumor-like conditions of the various organs and systems.

Once the second series was completed, with a success that matched that of the first,

UAREP and AFIP decided to embark on a third series. A new editor-in-chief and an associate

editor were selected, and a distinguished editorial board was appointed. The mandate for the

third series remains the same as for the previous ones, i.e., to oversee the production of an
eminently practical publication with surgical pathologists as its primary audience, but also

aimed at other workers in oncology. The main purposes of this series are to promote a

consistent, unified, and biologically sound nomenclature; to guide the surgical pathologist in

the diagnosis of the various tumors and tumor-like lesions; and to provide relevant histoge-

netic, pathogenetic, and clinicopathologic information on these entities. Just as the second

series included data obtained from ultrastructural (and, in the more recent Fascicles, immu-
nohistochemical) examination, the third series will, in addition, incorporate pertinent infor-

mation obtained with the newer molecular biology techniques. As in the past, a continuous

attempt will be made to correlate, whenever possible, the nomenclature used in the Fascicles

with that proposed by the World Health Organization’s International Histological Classifica-

tion of Tumors. The format of the third series has been changed in order to incorporate

additional items and to ensure a consistency of style throughout. Close cooperation between

the various authors and their respective liaisons from the editorial board will be emphasized

to minimize unnecessary repetition and discrepancies in the text and illustrations.



To its everlasting credit, the participation and commitment of the AFIP to this venture is

even more substantial and encompassing than in previous series. It now extends to virtually

all scientific, technical, and financial aspects of the production.

The task confronting the organizations and individuals involved in the third series is even

more daunting than in the preceding efforts because of the ever-increasing complexity of the

matter at hand. It is hoped that this combined effort—of which, needless to say, that represented

by the authors is first and foremost—will result in a series worthy of its two illustrious predeces-

sors and will be a suitable introduction to the tumor pathology of the twenty-first century.

Juan Rosai, M.D.
Leslie H. Sobin, M.D.
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TUMORS OF THE PITUITARY GLAND

1

THE NORMAL PITUITARY GLAND

GROSS ANATOMY

The human pituitary gland, or hypophysis, is

a small bean-shaped organ that lies in the sella

turcica, or hypophysial fossa, a concave struc-

ture in the superior aspect of the sphenoid bone

at the base of the brain (figs. 1-1-1-3). The gland

is well protected by the bony sella. Lateral to the

sella are the cavernous sinuses which contain

the internal carotid arteries and the oculomotor,

trochlear, abducens, and first division of the

trigeminal nerves; inferior and anterior is the

sphenoid sinus; superior is the hypothalamus;

and superoanteriorly is the optic chiasm. The

bilaterally symmetric gland has two distinct

parts, the adenohypophysis and the neurohypo-

physis. As their names suggest, these two parts

are structurally and functionally different. The
adenoh}rpophysis is a red-brown epithelial gland;

the neurohypophysis is a firm, grey neural struc-

ture that is composed of axons of hypothalamic

neurons and their supporting stroma.

The adult hmnan pituitary gland measures

approximately 13mm transversely, 9mm antero-

posteriorly, and 6 mm vertically (figs. 1-4, 1-5). It

weighs approximately 0.6 g. The female pituitary

is somewhat larger than the male gland; this csm

be documented on magnetic resonance imaging

where a difference ofup to 2 mm in height is seen

(8). The pituitary of pregnant and postpartum

women is larger (8,9 ) and heavier (6); the increased

size is due to marked prolactin cell h}^erplasia

during pregnancy and lactation, which may in-

crease the weight to 1 g or more. Postlactational
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LAMINA TERMINALIS

TUBER CINEREUM.

MAMILLARY BODY
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Figure 1-1

ANATOMY AND RELATIONS
OF THE PITUITARY GLAND
Sagittal section through the midline

shows the pituitary gland within the

sella turcica, attached to the hypothala-

mus by the pituitary stalk. The gland is

situated immediately posterior to the

sphenoid sinus. (Plate 4 from Section I.

In: Netter FH, Forsham PH, eds. The
CIBA collection of medical illustrations.

Vol. 4, Endocrine system and selected

metabolic diseases. CIBA, New York:

Colorpress, 1965.)
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Tumors ofthe Pituitary Gland
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Figure 1-2

ANATOMY AND RELATIONS OF THE PITUITARY GLAND
A view ofthe base of the brain shows the pituitary gland immediately posterior to the optic chiasm and anterior to the tuber

cinereum. (Plate 4 from Section I. In; Netter FH, Forsham PH, eds. The CIBA collection of medical illustrations. Vol. 4,

Endocrine system and selected metabolic diseases. CIBA, New York; Colorpress, 1965.)

THIRD VEhfTRICLE

OPTKl CHIASM

INTERNAL CAROTID ARTERY-

POSTERIOR COMMUNICATING AFfTERY-

DIAPHRAGMA SELLAE

OCULOMOTOR NERVE (III)

TROCHLEAR NERVE (IV)'

PITUfTARYGLAND

INTERNAL CAROTID ARTER'

ABDUCENS NERVE (VI)

OPHTHALMIC NERVE (VI-

CAVERNOUS SINUS

MAXILLARY NERVE (V)'

SPHENOIDAL SINUS

NASOPHARYNX-
FRONTAL SECTION THROUGH CAVERNOUS SINUSES

Figure 1-3

ANATOMY AND RELATIONS OF THE PITUITARY GLAND
Frontal section shows the relationship of the pituitary gland to the cavernous sinuses and their contents. (Plate 5 from

Section I. In; Netter FH, Forsham PH, eds. The CIBA collection of medical illustrations. Vol. 4, Endocrine system and selected

metabolic diseases. CIBA. New York; Colorpress, 1965.)
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The Normal Pituitary

Figure 1-4

GROSS APPEARANCE OF THE
NORMAL PITUITARY GLAND
Sagittal section showing the ante-

rior lobe (lower right), posterior lobe

(lower left), and pituitary stalk (top).

Figure 1-5

GROSS APPEARANCE OF THE
NORMAL PITUITARY GLAND
Horizontal cross section showing

the anterior (lower) and posterior

lobes (upper).

involution occurs but the gland does not return

to its progestational size and the pituitaries of

multiparous women are heavier than those of

nulliparous women (2). There is a slight to mod-

erate size and weight reduction with advancing

age in both sexes (8,13).

The neurohypophysis is composed of nerve

fibers from hypothalamic nuclei that project

downward to give rise to the median eminence

or infundibulum, the neural stalk or infundibu-

lar stem, and the posterior lobe of the gland or

infundibular process.

3



ADENOHYPOPHYSIS

Tumors ofthe Pituitary Gland

THIRD
VENTRICLE

OPTIC CHIASM

PARS TUBERALIS
(PARS INFUNDIBULARIS)

PARS INTERMEDIA
(INTERMEDIATE
LOBE)

PARS DISTALIS
(PARS ANTERIOR
PARS GLANDULARIS)

MAMMILLARY BODY

INFUNDIBULUM
(MEDIAN EMINENCE)

INFUNDIBULAR STEM
(STALK)

INFUNDIBULAR PROCESS
(PARS POSTERIOR
PARS NERVOSA)

CLEFT

Figure 1-6

ANATOMIC COMPONENTS OF THE PITUITARY GLAND
(Figure 3 from Fascicle 21, 2nd Series.)

Figure 1-7

NORMAL DIAPHRAGMA SELLAE
Gross view ofa normal sella as viewed from above shows an

intact diaphragm and pituitary gland. ( Plate lA from Fascicle

21, 2nd Series.)

The adenohypophysis comprises about 80 per-

cent of the pituitary. It is composed of three

parts: the pars distalis, the pars intermedia, and

the pars tuberalis (fig. 1-6). The pars distalis

constitutes the largest portion of the gland; it is

generally known as the anterior lobe or the pars

glandularis. The pars intermedia or intermedi-

ate lobe is rudimentary in the human pituitary;

it is the vestigial posterior limb ofRathke’s pouch

(see Embryology) and is found in an underdevel-

oped form adjacent to the residual cleft of the

gland. The pars tuberalis is an upward extension

of adenohypophysial cells that surround the

lower hypophysial stalk; it is also known as the

pars infundibularis.

The hypophysis is enveloped by dura mater, a

layer of dense connective tissue that lines the

sella turcica. The diaphragma sellae, a reflection

of the dura which constitutes the roof of the sella

turcica, has a small central opening for the hypo-

physial stalk, the connection to the hjrpothala-

mus (fig. 1-7). The sellar diaphragm protects the

pituitary from the pressure ofcerebrospinal fluid

(CSF). Defective development or absence of this

structure causes the empty sella syndrome in

which increased CSF pressure results in enlarge-

ment of the sella turcica and compression of the

pituitary (figs. 1-8-1-10); in severe cases, the

entire gland may be foimd as only a thin layer of

tissue at the bottom of the sella turcica. This

lesion is usually rmassociated with functional

hypophysial abnormalities (3,12), however, 5 per-

cent of patients have hyperprolactinemia, which

may be caused by a coexistent prolactin-produc-

ing pituitary adenoma but is often idiopathic and

4
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The Normal Pituitary

Figure 1-8

EMPTY SELLA SYNDROME:
RADIOLOGIC FINDINGS

Magnetic resonance imaging (MRI) identifies an en-

larged sella turcica in which the pituitary parenchyma is

compressed at the bottom; the space is filled with cerebro-

spinal fluid. (Courtesy of Dr. S. Ezzat, Toronto, Canada.)

has been attributed to distortion ofthe infundib-

ular stalk and reduction in hypothalamic tonic

inhibition (10).

Other minor anatomic variations in the size

and shape of the hypophysis and its relation to

surrounding structures appear to have no endo-

crine significance (6).

Vascular Supply

Blood is supplied to the human hypophysis by

a complex portal system that originates in the

hypothalamus (fig. 1-11). This hypophysial por-

tal circulation carries hypothalamic stimulatory

and inhibitory hormones from the infundibulum

to adenohypophysial cells, thereby playing a

major role in the regulation of adenohypophysial

hormone secretion (4,5,7,15-17).

The arterial supply of the median eminence

and posterior pituitary is derived from two or, in

some individuals, three paired arteries which

arise from the intracranial portions of the inter-

nal carotid arteries: the superior, middle, and

inferior hypophysial arteries. The superior hypo-

physial arteries branch into an external and an

internal plexus. The external plexus is composed

Figure 1-9

EMPTY SELLA SYNDROME
A widely opened sellar diaphragm allows increased pres-

sure from cerebrospinal fluid to compress the pituitary.

(Plate IB from Fascicle 21, 2nd Series.)

Figure 1-10

EMPTY SELLA SYNDROME
In the “empty sella syndrome,” the pituitary gland is

attenuated along the bottom of the enlarged sella. ( Plate 1C
from Fascicle 21, 2nd Series.)

of small arteries that surround the upper half of

the stalk and give rise to a mesh of capillaries.

The internal plexus forms the gomitoli, unique

vascular structures which measure 1 to 2 mm in

length and 0.1 mm in width. They are composed

of a central muscular artery surrotmded by a

spiral of capillaries; the arteriole feeds the capil-

laries through small orifices surrounded by mus-

cular sphincters. Flow through these complex

5



Tumors ofthe Pituitary Gland

Supraoptico-
hypophyseal tract

Figure 1-11

SCHEMATIC REPRESENTATION OF THE
BLOOD SUPPLY OF THE

HYPOTHALAMUS AND PITUITARY

(Plate XVII from Scheithauer BW. The hypothalamus

and neurohypophysis. In: Kovacs K, Asa SL, eds. Functional

endocrine pathology. Boston: Blackwell Scientific Publica-

tions, 1991:170-244.)

structures in the infundibulum and proximal hy-

pophysial stalk proceeds through the portal ves-

sels to adenohypophysial capillaries. Although

the function of the gomitoli is not certain, their

structure suggests that they regulate the rate of

blood flow to the anterior pituitary, thereby influ-

encing the transport of hypothalamic regulatory

hormones to the adenoh}rpophysis. In some indi-

viduals, the middle hypophysial arteries form the

trabecular or loral arteries, which descend along

the external surface of the pituitary stalk in the

subarachnoid space and give rise to the sub-

capsular artery and the artery ofthe flbrous core;

these arteries may provide a minor contribution

to the blood supply of the adenohypophysis, then

return upwards along the pituitary stalk as the

long stalk arteries to anastomose with the neu-

rohypophysial capillary bed. The inferior hypo-

physial arteries enter the sella just beneath its

diaphragm and supply the pituitary capsule, the

neural lobe, and the lower pituitary stalk. In the

intralobar groove, they divide into ascending and

descending branches which form an arterial cir-

cle about the neural lobe. A branch to the lower

pituitary stalk, the communicating artery, anas-

tomoses with the trabecular arteries. Notably,

the capillaries ofthe neurohypophysis are fenes-

trated and lie outside the blood-brain barrier.

Early studies suggested that the long portal

vessels which arise in the infundibulum carry 70

to 90 percent of the blood flow while only 10 to 30

percent originates in the short portal vessels

which link the infundibulcir stem or process to the

adenohypophysis (7). However, it is now recog-

nized that blood flow occurs within the neurohy-

pophysial capillary bed, resulting in mixing of

blood derived from different portal vessels (4,5).

The adenohypophysis receives the majority of its

blood from portal vessels via the neural lobe, but,

in addition, some arterial blood is directed to it via

two branches ofthe inferior hypophysial artery, the

capsular artery, which serves the connective tis-

sue ofthe pituitary capsule and penetrates to the

superficial cell rows of the adenohypophysis and

the artery ofthe fibrous core. In some individuals,

the middle hypophysial artery may vascularize

the adenoh}T>ophysis directly ( 11).

The venous drainage of the pituitary is to the

cavernous sinus and from there to the inferior

petrosal sinuses bilaterally. It has been reported

that the volume of veins leading away from the

adenohypophysis and neurohypophysis to the

cavernous sinus is considerably smaller than

that ofthe portal vessels entering the gland. This

observation led to the recognition of the neuro-

hypophysial capillary bed as a dynamic pool in

which the short portal vessels also serve as effer-

ent channels. The reversal of blood flow in this

system implies that secretory products of the

adenohypophysis enter the neurohypophysis

and the median eminence and thereby help reg-

ulate hypothalamic factors (4,5).

Pituitary capillaries are lined by fenestrated

endothelium with a thin subendothelial space.

Hormones released by adenohypophysial cells

pass through the basement membrane of their

cell of origin, the capillary basement membrane,

the subendothelial space, and the endothelial

cell layer to reach the bloodstream.

6



The Normal Pituitary

Nerve Supply

The nerve supply of the pituitary is unique

and crucial in the regulation ofpituitary function

(1). Despite this fact, the human adenohypophy-

sis has no direct nerve supply, apart from small

sympathetic nerve fibers that are associated

with and presumably innervate capillaries.

Thus, neural connections may affect blood flow

to the adenohypophysis but apparently have no

direct role in the regulation ofadenohypophysial

hormone secretion.

The posterior lobe, in contrast, is composed

almost exclusively ofaxons and nerve fibers that

arise from the hypothalamus. It is these neural

connections that are required for the normal

secretion of the two hormonal productions of the

posterior pituitary, oxytocin and vasopressin, as

well as for the transport of the other hypotha-

lamic peptides that regulate adenohypophysial

function (1,14).

The hypothalamo-hypophysial tract consists

primarily ofnerve fibers from the supraoptic and

paraventricular nuclei and carries vasopressin

and oxytocin to the posterior lobe ofthe pituitary,

where the hormones are released into capillar-

ies. The tubero-infundibular tract, originating

from neurosecretory neurons which produce

hypophysiotropic hormones, projects from sev-

eral nuclei to the median eminence where the

hormones are released into the hypophysial por-

tal vascular system.

EMBRYOLOGY

The adenohypophysis derives from Rathke’s

pouch, an endodermal invagination of the primi-

tive oral cavity. At the third week of gestation,

endoderm from the roof of the stomodeum thick-

ens and begins to invaginate; by 5 weeks,

Rathke’s pouch is a long tube with a narrow

lumen and a thick wall composed of stratified

cuboidal epithelium (fig. 1-12). By 6 weeks, the

connection with the oropharynx is totally obliter-

ated and Rathke’s pouch establishes direct con-

tact with the downward extension of the hypo-

thalamus that gives rise to the infundibulum.

The two tissues are enclosed by the cartilage

anlage of the sphenoid bone, which separates

them from the stomodeum, and the sella turcica

is formed by 7 weeks ( 18).

Figure 1-12

RATHKE’S CLEFT IN A FETUS
AT 5 WEEKS OF GESTATION

Columnar cells line Rathke’s cleft and the connection

with the stomodeum (S) has been obliterated. Blood vessels

(arrows) adjacent to the primitive diencephalon (D) and the

pituitary anlage are the precursors ofthe hypophysial portal

system. (Fig. la from Asa SL, Kovacs K. Functional morphol-

ogy of the human fetal pituitary. Pathology Annual 9 (part

1) 1984:275-315.)

It was suggested that Rathke’s pouch arises from

the ventral neural ridge in the pharyngeal region,

thus sharing with the hypothalamus and posterior

pituitaiy a common neuroectodermal origin (26,

38). The use of avian allografts, biologic markers,

and serial sections of early chick embryos has

provided indirect evidence for this theory; how-

ever, further proof is required for its validation.

As the cells of Rathke’s pouch proliferate, the

anterior portion forms the pars distalis and pars

tuberalis whereas the posterior wall lies in direct

contact with the posterior lobe anlage and be-

comes the pars intermedia (18). The growth of

the anterior limb extends laterally and follows a

triradiate pattern: the lateral borders become
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the lateral wings of the adult gland and the

midline portion becomes the anteromedial mu-
coid wedge. By midgestation, the medial cleft

becomes a residual lumen and growth ofthe pars

nervosa reverses the convexity of the posterior

wall of the cleft to a concave structure. The
border between Rathke’s pouch and the pars

nervosa becomes indistinct; it consists of rem-

nants of the obliterating lumen, a few cystic

cavities lined by cuboidal or columnar epithe-

lium. This represents the rudimentary pars in-

termedia of the human hypophysis.

The pituitary grows rapidly in early fetal life:

the mean weight at 10 to 14 weeks of gestation

is 3 mg, at 25 to 29 weeks 50 mg, and at term

approximately 100 mg (23,24).

The pituitary portal vascular system begins

to form before 7 weeks of gestation and by 12

weeks the anterior pituitary and median emi-

nence are well vascularized. Portal vessels are

recognized at 11.5 to 14 weeks, are well devel-

oped by 15 to 16 weeks, and are fully established

by 18 to 20 weeks (34,35).

Remnants ofthe developing adenohypophysis

may be deposited along the route followed by

Rathke’s pouch. The most common site is the roof

of the nasopharynx. This so-called “pharyngeal

pituitary” is found in most individuals (20,31)

and contains all the hormone-producing cell

types found in the normal gland; it is thought to

have transsphenoidal vascular connections to

the sellar hypophysis to maintain homeostatic

feedback mechanisms (21). Ectopic adenohypo-

physial tissue has also been described in a supra-

sellar location in up to 20 percent of people (27).

These ectopic foci are usually ofincidental inter-

est only, but they may be the site of adenoma
formation that can confound the clinical diagno-

sis (30) or they may be detected with sophisti-

cated imaging techniques and mimic a tumor

(22). Salivary gland rests are relatively common
if carefully sought, and are thought to be contin-

uous with Rathke’s cleft (28,37).

Aplasia of the pituitary is usually associated

with severe congenital malformations, and
forms part of the Cornelia de Lange syndrome

(19). Aplasia or hypoplasia may be associated

only with evidence ofhypopituitarism, including

adrenal and thyroid aplasia or hypoplasia (25,

29,32). Dystopia of the gland is the result of

failure ofunion ofthe adenohypophysis and neu-

rohypophysis (33). Duplication of the pituitary

gland has also been reported, usually in associ-

ation with other craniofacial malformations (36).

MICROSCOPIC AND
FUNCTIONAL ANATOMY

Hypothalamus and Neurohypophysis

The hypothalamic nuclei that give rise to the

neurohypophysis are divided into four anatomic

areas: the preoptic, supraoptic-lateral, tuberal,

and mamillary regions (fig. 1-13). Whereas the

nuclei are topographically discrete in many spe-

cies and may be demarcated in the human fetus,

they are poorly defined in the mature human
hypothalamus (46). Structure-function correla-

tions are difficult because of the cellular hetero-

geneity ofmany hypothalamic nuclei. Any given

hypothalamic hormone is often produced in more
than one nucleus, and in many cases a single

nucleus may express more than one hormone.

The physiologic roles of many nuclei remain un-

known. Nevertheless, this area is responsible for

the production of the neurohypophysial hor-

mones, oxytocin and vasopressin, and for the

hypophysiotropic hormones that are released

into the hypophysial portal vasculature and reg-

ulate adenohypophysial function, including

growth hormone-releasing hormone (GRH),

somatostatin (or somatotropin release-inhibiting

hormone [SRIH]), dopamine and other putative

prolactin-inhibiting substances, corticotropin-re-

leasing hormone (CRH), thyrotropin-releasing

hormone (TRH), gonadotropin-releasing hor-

mone (GnRH), and numerous other peptides that

can affect adenohypophysial function (46).

The most anterior nuclei are the paired medial

and lateral nuclei that are associated with auto-

nomic function, particiilarly temperature control

and olfaction. The suprachiasmatic nucleus, in the

preoptic area dorsal to the optic chiasm and ante-

rior to the supraoptic nucleus, is an area that is

essential for gonadotropin release and sexual be-

havior in lower animals. This sexually dimorphic

nucleus, which decreases in volume and cell num-
ber with age, is thought to play a role in the sexual

differentiation of the brain which, in the absence

of male gonadal hormones, remains female, but if

exposed to male gonadal hormones at a critical

stage in development, becomes male (64,110). It
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Figure 1-13

SCHEMATIC REPRESENTATION OF
THE HYPOTHALAMIC REGION AND
PITUITARY, THE DISPOSITION OF

ITS NUCLEI, AND PRINCIPLE
FIBER TRACTS

(Plate XVIII from Scheithauer BW. The
hypothalamus and neurohypophysis. In:

Kovacs K, Asa SL, eds. Functional endocrine

pathology. Boston: Blackwell Scientific Publi-

cations, 1991:170-244.)

may also play a role in maintaining circadian

rhythms; it is associated with fibers of the supra-

optic commissure, and receives afferent fibers from

the retina and the lateral geniculate bodies. The
anterior hypothalamic nucleus is composed ofsmall

neurons which mediate parasympathetic effects.

The lateral h3T>othalamic nuclei are composed

of large neurons which receive fibers from and

contribute efferent fibers to the median forebrain

bundle. The paraventricular nuclei, which are ad-

jacent to the third ventricle ventromedial to the

fornix, are composed mainly of large “magnocellu-

lar” neurons and contain a number of “parvicellu-

lar” neurons as well. The supraoptic nuclei, which

overlie the optic tract, are the other paired mag-
nocellular nuclei ofthe hypothalamus; they have

no significant parvicellular component. These

nuclei are major sites of oxytocin and vasopres-

sin synthesis; efferent fibers from these nuclei

terminate in the posterior lobe of the pituitary.

Patients with traumatic or surgical stalk section

and those with longstanding hypopituitarism

have atrophy of these nuclei with a marked
reduction in the number ofmagnocellular neurons

and stalk nerve fibers (105,118); the parvicellular

component of the paraventricular nuclei remains.

The dorsomedial and ventromedial nuclei, sit-

uated between the tuber cinereum and para-

ventricular nuclei, are involved in autonomic

function, hunger and satiety, and emotional be-

havior. Stimulation of the dorsomedial and de-

struction of the ventromedial nuclei produces

rage in experimental animals. Destruction of the

ventromedial nucleus results in obesity (53,83);

conversely, destruction of the ventrolateral nu-

cleus, known as the “feeding center,” causes an-

orexia and cachexia (53). These nuclei have af-

ferent connections from olfactory and retinal

fibers, the reticular formation, and the nucleus of

the solitary tract which receives input from the

vagus. Afferent fibers from the cortex enter by

way of the thalamus.

9



Tumors of the Pituitary Gland

Ventral to the third ventricle and paraven-

tricular nuclei lies the arcuate (infundibular)

nucleus which is another important component

of the hypophysiotropic region and plays a major

role in the modulation of anterior pituitary func-

tion. The subventricular nucleus on the floor of

the third ventricle posterior to the arcuate and

anteromedial to the tuberal nuclei is a parvicellu-

lar nucleus, which undergoes marked hj^ertrophy

to become a magnocellular nucleus in postmeno-

pausal women (95,103), in young women with

postpartum hypopituitarism and gonadal atro-

phy ( 114), in hypogonadal men and women, dur-

ing starvation (65), after hypophysectomy (66),

and in late pregnancy. The neurons develop a

distinctive nucleolar change considered a mani-

festation of the feedback effect, likely a lack of

estrogens (95,102,104), which is also observed in

neurons of the arcuate nucleus ( 114).

The tuberal nuclei, irregularly grouped
masses of large neurons inferior to the lateral

nuclei, give rise to efferent fibers ofthe hypothal-

amus; after stalk section, they exhibit a slight

increase in coarsely granular basophilic cyto-

plasmic material (105). The posterior hypotha-

lamic nucleus, situated between the third ven-

tricle and the mamillothalamic tract superior to

the mamillary bodies, produces sympathetic ef-

fects when stimulated; it has been implicated in

temperature regulation and its large neurons

are thought to be the source of hypothalamic

efferent fibers which descend to the reticular

formation of the brainstem.

The paired mamillary nuclei and other minor

nuclei in the supramamillary area, including the

nucleus intracalatus, form the posterior hypo-

thalamus. These nuclei integrate incoming infor-

mation from the limbic system and the midbrain

tegmentum and send out efferent fibers to the

anterior thalamic nucleus and the brainstem.

The neurohypophysis is composed of nerve fi-

bres, axon terminals, and stromal cells or pitui-

cytes, modified glia thought to originate from the

ependyma. The neural elements contain neurose-

cretory material, which can be demonstrated his-

tologically with the (3omori chrom aliun hematox-

ylin, aldehyde fuchsin, or aldehyde thionin stains

(fig. 1-14). Immunohistochemistry with neuron-

specific enolase or neurofilament antibodies reli-

ably detects the neuronal elements; antibodies to

glial fibrillary acidic protein or S-100 protein the

Figure 1-14

POSTERIOR LOBE OF THE PITUITARY
Neurosecretory material is identified with the aldehyde

thionin stain in axonal terminals of the posterior lohe.

pituicytes; and antisera to oxjdocin, vasopressin,

and their carrier proteins, the neurophysins, the

neurosecretory material. The ultrastructural

features of the neurohypophysis (fig. 1-15) have

been described in detail (51,100,101,111).

Adenohypophysis

In contrast with the hypothalamus, the cell

types of the adenohypophysis are highly charac-

terized with respect to structure and function.

Although acidophils, basophils, and chromo-

phobes are recognized with conventional hema-

toxylin and eosin staining (fig. 1-16) and a num-
ber ofspecialized histochemical stains have been

devised to identify individual cell types (fig. 1-

17), accurate classification is based on both im-

munohistochemical localization of hormone
products and ultrastructural morphology (75);
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Figure 1-15

POSTERIOR LOBE OF THE PITUITARY

By electron microscopy, a pituicyte (a glial cell of the

posterior lobe) is seen within neuronal processes containing

neurosecretory granules, including a markedly dilated nerve

ending known as a “Herring body.”

Figure 1-16

HISTOLOGY OF THE NORMAL PITUITARY

Hematoxylin and eosin staining shows acini ofadenohypo-

physial cells. Some cells are acidophilic, others are chromo-

phobic. Basophils contain clear vacuoles, corresponding to the

“enigmatic body” of corticotrophs.

Figure 1-17

HISTOLOGY OF THE
NORMAL PITUITARY

The Mann stain readily distin-

guishes bright red acidophils, blue baso-

phils (many with “enigmatic bodies”),

and a large number of chromophobes.
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Table 1-1

CLASSIFICATION OF PITUITARY
CELLS AND HORMONAL PRODUCTS

Cell
Type

Hormone Gene
Expression

Hormone
Product(s)

Somatotroph GH*
a-subunit

GH
a-subunit

Mammosomatotroph GH
PRL

a-subunit

GH
PRL

a-subunit

Lactotroph PRL PRL

Thyrotroph a-subunit
p-TSH

TSH

Corticotroph Proopiomelanocortin ACTH
P-endorphin

MSH
others

Gonadotroph a-subunit
[3-FSH
3-LH

FSH
LH

*GH: growth hormone; PRL: prolactin; TSH: thyroid-

stimulating hormone; ACTH: adrenocorticotrophic
hormone; MSH: melanocyte-stimulating hormone;
FSH: follicle-stimulating hormone; LH; luteinizing

hormone.

the application of immunocytochemistry at the

electron microscopic level allows correlation be-

tween these two methods of characterizing adeno-

hypophysial cells. It is therefore possible to discuss

the known cell types and their major hormonal

functions (Table 1-1). It must be recognized, how-

ever, that many cells in the nontumorous pitu-

itary gland have no specific ultrastructural

markers, making their identification impossible.

The distribution ofthe various cell types in the

adenohypophysis is not even. Each cell popula-

tion is found in different proportions in the pars

distalis, pars intermedia, and pars tuberalis.

Within the pars distalis itself there are three

distinct anatomic areas, the central mucoid

wedge and the two lateral wings, that can be

readily recognized on horizontal cross section of

the gland (fig. 1-18).

Somatotrophs. Approximately 50 percent of

the cells ofthe adenohypophysis produce growth

hormone (GH). These somatotrophs are concen-

trated in the lateral wings of the anterior lobe.

They can usually be identified by light microscopy

Figure 1-18

HISTOLOGY OF THE NORMAL PITUITARY

A horizontal cross section of the gland stained with hematoxylin-phloxine-saffron shows the marked accumulation of

acidophils in the lateral wings of the gland. The “mucoid wedge” is the wedge-shaped central area, devoid of acidophilia, where
basophils predominate.
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Figure 1-19

NORMAL GROWTH HORMONE CELLS
Growth hormone-immunoreactive cells comprise the ma-

jority of cells in the lateral wings. These middle-sized ovoid

or polyhedral cells show strong diffuse cytoplasmic positivity

for immunoreactive growth hormone.

as medium-sized, spherical or oval, acidophilic

cells with central, spherical nuclei. Their cyto-

plasm stains with eosin, phloxine, and orange G
but not with periodic acid-Schiff (PAS), lead

hematoxylin, erythrosin, or carmoisine. Immu-
nohistochemistry reveals intense positivity for

GH throughout the cytoplasm (fig. 1-19) (77).

Occasionally, smaller cells contain GH positivity

in a globular structure which represents the Golgi

complex; these may be sparsely granulated, ac-

tively secreting cells. Asubset ofsomatotrophs also

contains the a-subunit of glycoprotein hormones

(69,113). By in situ hybridization, GH mRNA is

localized to both densely granulated acidophils and

to occasional chromophobes (fig. 1-20).

By electron microscopy, somatotrophs are

spherical or oval cells with centrally located spher-

ical nuclei and cytoplasm ofrelatively low electron

density (fig. 1-21) (69). The prominence of the

rough endoplasmic reticulum and Golgi regions

Eigure 1-20

NORMAL GROWTH HORMONE CELLS
In situ Iiybridization shows strong positivity in the cyto-

plasm ofclusters of acidophils that produce growth hormone.

vary with the secretory activity of the cell; active

cells generally have well-developed, lamellar

rough endoplasmic reticulum amd a large Golgi

complex whereas less active ones tend to have

less conspicuous synthetic organelles. In the ma-

jority of somatotrophs, the cytoplasm is occupied

by spherical, evenly electron dense secretory

granules which range in size from 150 to 800 nm
in diameter (average, 350 to 500 nm). Ultra-

structural immunocytology confirms the pres-

ence ofGH in secretory granules and within the

Golgi region of actively secreting cells.

Somatotrophs are the second cell type to de-

velop in the fetal gland after corticotrophs (44,

45,50): at 8 weeks, GH immunoreactivity is

abundant and somatotrophs are recognizable by

ultrastructural criteria. The incidence, distribu-

tion, morphology, and hormone content of somato-

trophs are remarkably constant in the postnatal

human pituitary. They do not appear to be af-

fected by age, sex, various disease states, or drug

13
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Figure 1-21

SOMATOTROPH
A somatotroph in the nontumorous pituitary is large, round to ovoid, and contains numerous electron-dense secretory

granules that range from 250 to 700 pm in diameter. Short profiles of rough endoplasmic reticulum are scattered throughout
the cytoplasm. The juxtanuclear Golgi complex is prominent and harbors forming secretory granules.

therapies. Even in glands containing GH-pro-

ducing adenomas the nontumorous somato-

trophs show no evidence ofsuppression and can-

not be distinguished from those in normal glands

(69). An exception to this morphologic uniformity

is the case of longstanding hypothyroidism in

which some degranulation of somatotrophs may
occur; this change is much less than the almost

complete degranulation of somatotrophs due to

hypothyroidism which has been documented in

rodents (119).

Lactotrophs. The number of cells containing

prolactin shows wide variation related to age,

sex, and parity. In adult men and nulliparous

women they constitute approximately 9 percent

of adenohypophysial cells whereas in multipa-

rous women, they represent up to 31 percent of

the cell population (47). While some of these cells

are mammosomatotrophs, the majority in the

mature gland are lactotrophs. Prolactin cells are

randomly distributed throughout the anterior

lobe, however, they are most numerous in the

posterolateral portions of the gland. Using con-

ventional stains, they are usually sparsely gran-

ulated chromophobes but some are densely gran-

ulated acidophils which are indistinguishable

from somatotrophs. The Herlant erythrosin and

Brookes carmoisine stains allow selective visu-

alization ofdensely granulated lactotrophs, how-

ever, these techniques are not sensitive enough

to detect sparsely granulated forms.

Immunohistochemistry clearly reveals the

two populations of prolactin-containing cells

(77). Polyhedral or elongated cells with abun-

dant cytoplasm almost completely filled with

dense granular prolactin positivity are fre-

quently found close to capillaries randomly dis-

tributed throughout the anterior lobe (fig. 1-22).

The more numerous sparsely granulated cells,

in contrast, are found predominantly in clusters

at the posterolateral portion of the gland; they

are elongated or angular, with long C3doplasmic

processes and strong immunoreactivity for pro-

lactin in thejirxtanuclear globular Golgi complex

(fig. 1-23). It has been postulated that the

densely granulated cells store prolactin whereas

14



The Normal Pituitary

Figure 1-22

NORMAL PROLACTIN CELLS
Strong positivity for prolactin is seen within the cyto-

plasm of polyhedral cells which have elongated cell pro-

cesses. Some of the processes surround adjacent im-
munonegative cells that correspond to gonadotrophs.

the sparsely granulated cells are actively secret-

ing forms. Some of the acidophilic cells that

resemble somatotrophs but contain prolactin are

mammosomatotrophs.
By electron microscopy, the several cell t}rpes

that produce prolactin are readily distinguishable

(69). Densely granulated cells are rare in the adult

pituitary but are more common in childhood and

adolescence; many of these are mammosomato-
trophs (see below). They have ovoid or elongated

cell bodies, well-developed rough endoplasmic re-

ticulmn, and a prominent Golgi complex contain-

ing forming granules. The cell cytoplasm is almost

completely filled with spherical, oval, or irregu-

larly shaped large granules that have evenly

electron dense cores and measure up to 650 nm
in diameter. The majority of lactotrophs in the

Figure 1-23

NORMAL PROLACTIN CELLS
At low magnification, prolactin cells are scattered through-

out the gland and show variable patterns ofimmunoreactivity.

The majority are densely granulated, with elongated cell

processes that interdigitate with adjacent cells. Occasional

cells have juxtanuclear globular immunopositivity, consistent

with sparsely granulated forms that do not store prolactin but

rather are immunoreactive in the Golgi region.

adult gland are sparsely granulated, elongated or

polygonal cells (fig. 1-24) which may have multi-

ple cell processes extending from the center of

acini to the basement membrane and intimately

surrounding gonadotrophs. They contain richly

developed rough endoplasmic reticulum found in

parallel arrays and occasionally forming concen-

tric structures known as “Nebenkern” forma-

tions. The Golgi apparatus is prominent and con-

tains pleomorphic immature secretory granules.

The few secretory granules range from 150 to 250

nm in diameter. Granule extrusions are common
in prolactin-secreting cells and are found not

only at the basal cell surface but also on the

lateral cell borders, distant from capillaries and
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Figure 1-24

NORMAL LACTOTROPH
A lactotroph in the nontumorous pituitary has a well-de-

veloped rough endoplasmic reticulum which forms concentric

whorls. A prominent Golgi complex is seen in a juxtanuclear

location and harbors forming pleomorphic secretory granules.

The cytoplasm is otherwise sparsely granulated.

basement membranes; the term “misplaced exo-

cytosis” is used to designate this form of granule

extrusion which is the ultrastructural hallmark

of prolactin secretion. Immunocytology localizes

prolactin in secretory granules of sparsely and

densely granulated cell types; positivity can also

be found in the Golgi region of sparsely granu-

lated forms.

Lactotrophs are the last cells to differentiate

in the human fetal pituitary. Prolactin immuno-
reactivity is scant but detectable at 12 weeks of

gestation (45) and appears to be localized in

mammosomatotrophs, bihormonal cells which

Figure 1-25

PROLACTIN CELL HYPERPLASIA
In the third trimester of pregnancy, there is prolactin cell

hyperplasia; cells containing immunoreactive prolactin com-

prise almost 50 percent of the cell population of the gland.

seem to be the sole sotrrce of prolactin imtil 24

weeks of gestation (44). Differentiated lacto-

trophs are found after that time and undergo a

striking hyperplasia in the late third trimester

(45), analogous to that seen in late gestation and

during lactation in the pituitary of the mother

(47,99); this marked hyperplasia of prolactin cells

has been attributed to stimulation by estrogens.

During pregnancy and lactation, the weight ofthe

pituitary gland may increase to more than 1 g
and almost 50 percent of the total pituitary cell

population is composed of prolactin-containing

cells (fig. 1-25). Exogenous estrogens are known
to induce only mild hyperplasia of lactotrophs in

the human pituitary; the increased cell popula-

tion is composed predominantly of sparsely
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Figure 1-26

NORMAL MAMMOSOMATOTROPH
Occasional cells resembling densely granulated somatotrophs exhibit atypical features consistent with prolactin secretion:

the secretory granules are highly pleomorphic and there is misplaced exoc3dosis, i.e., extrusion of secretory material along the
lateral cell border (arrow).

granulated cells (98). Suppressed lactotrophs are

found in some pituitary glands containing pro-

lactin-producing adenoma or in patients treated

with dopamine agonists. These inactive cells

have a reduced nuclear volume, an irregular

indented nucleus with coarse clumped hetero-

chromatin, a small amount of cytoplasm with

poorly developed organelles, and secretory gran-

ules which measure 50 to 300 nm; the granules

contain immunoreactive prolactin and have an

increased relative cytoplasmic volume due to the

markedly reduced total cytoplasmic volume.

These suppressed lactotrophs are identifiahle

only with immunocytology at the electron micro-

scopic level; they cannot be characterized on the

basis of their ultrastructural features alone.

Mammosomatotrophs. Bihormonal cells

containing both GH and prolactin have been rec-

ognized in the nontumorous adenohypophysis

only recently (59,69,84,85). Mammosomato-

trophs cannot be recognized using conventional

histologic techniques; they are acidophils that

are indistinguishable from somatotrophs. Im-

munohistochemistry reveals intense GH stain-

ing within these densely granulated, polyhedral

cells. Prolactin is also identified but staining is

usually less intense.

By electron microscopy, these cells resemble

densely granulated somatotrophs (fig. 1-26).

They are large and polyhedral with ovoid nuclei.

They have abundant electron lucent c}doplasm

which contains a well-developed rough endoplas-

mic reticulmn and a prominent Golgi apparatus.

The mitochondria vary from ovoid to rod shaped;

they have a light matrix and lamellar cristae. The

distinctive feature of these cells is their unique

population ofsecretory granules. Some are small,

spherical or slightly ovoid, electron dense gran-

ules which measure 150 to 400 nm; they have

tightly fitting limiting membranes. The larger
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Figure 1-27

NORMAL MAMMOSOMATOTROPH
The double immunogold technique documents the pres-

ence of both growth hormone (small gold particles) and
prolactin (large gold particles) in the same cell and within

the same secretory granules.

granules are irregular, often extremely elon-

gated structures which can measure from 350 to

2000 nm; they contain secretory material of vari-

able electron density and are bound by a loosely

fitting membrane. These secretory grantdes fre-

quently show the misplaced exocytosis that char-

acterizes prolactin-secreting cells. Ultrastructural

immunoc3dology using the double immunogold

technique documents the presence ofboth GH and

prolactin in a single cell, frequently within the

same secretory granide (fig. 1-27).

Mammosomatotrophs are the precursors of

lactotrophs in the developing adenohypophysis

(44). They are numerous during gestation, after

which they appear to be a fluid cell population

that fluctuates from somatotrophic differentia-

tion to bihormonal cells to lactotrophs depending

on the endocrine environment (59); for example,

they have been shown to be a source of the in-

crease in lactotrophs during pregnancy ( 108).

Figure 1-28

NORMAL THYROTROPHS
Cells containing immunoreactive B-TSH are scattered

singly throughout the normal pituitary.

Thyrotrophs. The least common cell type in

the adenohypophysis is the thyrotropin (TSH)-

containing cell which comprises approximately 5

percent of the total adenohypophysial cell popula-

tion. Thyrotrophs are usually found singly or in

small clusters in the anteromedial portion of the

gland. These medium-sized cells are chromophobic

or basophilic when stained with conventional dyes

and are PAS positive; they stain with aldehyde

fuchsin and aldehyde thionin. The im-

munoperoxidase technique reveals granular posi-

tivity for a-subunit and P-TSH in their c3doplasm.

The former is not specific enough to identify this

cell type since it is also detected in gonadotrophs

and somatotrophs; in contrast, the latter identi-

fies these characteristically angular cells with

long cytoplasmic processes that establish contact

with the basement membrane (figs. 1-28,1-29).

18



The Normal Pituitary

Figure 1-29

NORMAL THYROTROPHS
These cells have angular cell bodies with elongated processes.

Marked angularity and well-developed 05^0-

plasmic processes also characterize the ultra-

structural morphology of th3rrotrophs (figs. 1-30,

1-31) (69). The nucleus is spherical and often

eccentric. The C3doplasm contains short, slightly

dilated cisternae of rough endoplasmic reticu-

lum and a globular Golgi complex. The small,

spherical secretory granules measure 100 to 200

nm in diameter and characteristically are found

preferentially lined up at the cell membrane;
more densely granulated cells may have gran-

ules scattered throughout the cytoplasm.

Immunoreactive TSH is detected in the fetal

pituitary at approximately 12 weeks ofgestation

but the ultrastructural characteristics of thy-

rotrophs are not recognized until several weeks
later (44,45). The numbers of th3rrotrophs do not

appear to vary with age; however, this cell type

exhibits morphologic changes that reflect alter-

ations in the hormonal milieu. In patients with

primary hyperthyroidism, thyrotrophs are few

Figure 1-30

NORMAL THYROTROPH
A normal thyrotroph has an ovoid nucleus, well-devel-

oped cytoplasm, and elongated cell processes. The secretory

granules are small, ranging from 100 to 200 nm in diameter.

The profiles of the rough endoplasmic reticulum are short

and a juxtanuclear Golgi complex is well developed.

and small; their ultrastructural features are not

well documented (69). In patients with un-

treated primary hypothyroidism, th3U’otrophs

are released from the negative feedback effects

of thyroid hormones and TSH secretion is in-

creased. The number and size of thyrotrophs are

increased; the enlarged cytoplasm is less

strongly positive using the PAS, aldehyde fuch-

sin, and aldehyde thionin stains, and TSH im-

munoreactivity is faint but diffuse. Large PAS-
positive lysosomes are prominent. By electron

microscopy, these “thyroidectomy cells” or “thy-

roid deficiency cells” have abundant, dilated

rough endoplasmic reticulum and large Golgi

complexes but only a few secretory granules (fig.

1-32) (69). In patients with longstanding hypo-

thyroidism, nodular hyperplasia and ultimately

thyrotroph adenomas may develop (70). There is
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Figure 1-31

NORMAL THYROTROPH
This thyrotroph has elongated cell processes and small

secretory granules that line up along the cell membrane.
Lysosomes are common in this cell type.

Figure 1-32

THYROIDECTOMY CELL
In patients with chronic hypothyroidism the thyrotrophs

undergo striking chauges characterized by a marked dilation of

rough endoplasmic reticulum. Secretory granules are small and
few and tend to line up along the cell membrane.

evidence from rat models that at least some ofthe

thyroidectomy cells derive from a subset of altered

somatotrophs (72); the morphologic changes are

reversible in the experimental animal.

Corticotrophs. A single cell type in the

human pituitary is responsible for the production

ofthe proopiomelanocortin (POMC ) molecule and

its various derivatives, including adreno-

corticotropic hormone (ACTH), melanocyte-stim-

ulating hormone (MSH), lipotropic hormone
(LPH), and endorphins. Corticotrophs comprise

approximately 15 to 20 percent of the adenohy-

pophysial cell population. Most of these cells are

found in clusters in the central mucoid wedge;

occasional scattered cells are also found in the

lateral wings of the anterior lobe. Corticotrophs

are also the predominant cell type in the poorly

developed intermediate lobe of the human pitu-

itary where they are found lining scattered ves-

tigial follicular structures. By light microscopy,

these medium-sized cells have varying degrees

ofcytoplasmic basophilia and stain strongly with

PAS (fig. 1-33); the affinity is attributed to the

carbohydrate moiety present in ACTH precur-

sors. They also stain with lead hematoxylin. The

presence of a large unstained perinuclear lyso-

somal vacuole known as the “enigmatic body”

may be helpful in identifying these cells by light

microscopy The most reliable method of identify-

ing corticotrophs is the immunoperoxidase tech-

nique which reveals strong granular cytoplasmic

positivity for ACTH (fig. 1-34). Most cortico-

trophs are also immunoreactive for MSH, LPH,
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Figure 1-33

CORTICOTROPH CELLS
The PAS stain documents the presence of corticotrophs

in the normal pituitary. Some of these cells have clear

cytoplasmic vacuoles corresponding to the “enigmatic body.”

endorphins, and other fragments of the POMC
molecule, which are derived by differing post-

translational processing (107).

By electron microscopy (fig. 1-35), corticotroph

cells are oval or slightly angular medium-sized

cells with spherical or oval eccentric nuclei and a

spherical nucleolus, which is usually attached to

the nuclear membrane. The cytoplasm has highly

variable electron density. The rough endoplasmic

reticulum is moderately developed and is widely

dispersed throughout the cytoplasm. Numerous
free ribosomes are found. The Golgi apparatus is

spherical or flattened and is often displaced by the

“enigmatic body.” This large structure is mem-
brane boimd and has an electron dense periphery

which exhibits acid phosphatase activity, confirm-

ing its lysosomal natme (68). Mitochondria are

spherical or ovoid, with lamellar or tubrdar cristae

Figure 1-34

NORMAL CORTICOTROPHS
The cytoplasm of spherical or polyhedral cells contains

immunoreactive 1-39 ACTH. The unstained cytoplasmic

vacuoles adjacent to the nucleus represent “enigmatic bod-

ies” which are complex lysosomes,

and a moderately electron dense matrix. Variable

numbers of intermediate filaments of the cyto-

keratin type (90), previously described as type I

microfilaments, are found in small bundles, usually

adjacent to the nucleus; they measure about 7 nm
in width and show no periodicity. They vary con-

siderably in amount and are not numerous under

physiologic conditions. The secretory granules

are usually numerous and extremely variable in

size, shape, and electron density: they may be

spherical, flattened, dented, heart shaped, or tear-

drop shaped. They measure from 150 to 700 nm in

diameter, most between 150 and 400 nm. While

secretory granules may be found linedup along the

cell membrane, exocytosis is not recognized in this

cell type. Immunoelectron microscopy identifies the

various POMC-derived peptides in the secretory

granules of corticotrophs, and there is no evidence
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Figure 1-35

NORMAL CORTICOTROPH
The normal pituitary corticotroph contains dispersed profiles ofrough endoplasmic reticulum; numerous secretory granules

of variable size, shape, and electron density; and conspicuous juxtanuclear complex lysosomes. In a perinuclear location are

small bundles of intermediate filaments representing keratin.

that the morphologic differences in granule pop-

ulations reflect their hormone content (11).

Corticotrophs are the first cell type to differ-

entiate in the fetal pituitary (44,45): at 6 weeks

of gestation, cells with ultrastructural features

of corticotrophs are present and by 7 weeks,

ACTH immunoreactivity is detectable. Since

these cells are found in significantly decreased

numbers in anencephaly (41) it has been sug-

gested that after autonomous differentiation

they are dependant on hypothalamic factors for

normal growth and development. Their numbers
do not vary with age or changes in the hormonal

environment, with the exception of chronic CRH
excess which can increase the number ofACTH-
containing cells (43,52). However, corticotrophs

do develop specific morphologic features that

reflect changes in endocrine homeostasis.

Exposure to glucocorticoid excess, either by

exogenous corticosteroid administration or due

to any cause ofendogenous glucocorticoid hyper-

secretion including ectopic secretion of ACTH,
causes corticotrophs to undergo a distinctive but

reversible morphologic alteration known as

Crooke’s hyaline change (fig. 1-36). The cells

accumulate a glassy, homogeneous, pale acido-

philic substance in the cytoplasm; PAS-positive

(fig. 1-37) and ACTH-immunoreactive secretory

granules are displaced to the perinuclear rim

and the cell periphery ( 77). The hyaline material

is composed of keratin filaments amd stains with

antibodies directed against low molecular

weight keratin proteins (fig. 1-38) (90). By elec-

tron microscopy, Crooke’s hyaline material is

composed of intermediate filaments that resem-

ble the smaller bundles seen in nontumorous

corticotrophs. The web of microfilaments can be

so extensive that it occupies almost the entire

c3doplasm, leaving only a small juxtanuclear

Golgi region and a small rim of secretory gran-

ules adjacent to the cell membrane (fig. 1-39).

Today one rarely sees patients with inade-

quately treated adrenal insufficiency. Neverthe-

less, this abnormality does give rise to a character-

istic morphologic appearance of corticotrophs

which become hypertrophied, with large nuclei,

prominent nucleoli, and a poorly granulated vacu-

olated cytoplasm. The ultrastructural appearance
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Figure 1-36

CROOKE’S HYALINIZATION

Pituitary corticotrophs subjected to glucocorticoid excess

develop a characteristic cytoplasmic hyalinization that

pushes the PAS-positive secretory material to the cell pe-

riphery. The complex lysosomes known as “enigmatic bod-

ies” are present as clear vacuoles in the cytoplasm.

of these “adrenalectomy” cells in the human
pituitary has not been well documented, how-

ever, in adrenalectomized rats, the markedly

enlarged cells contain abundant dilated rough

endoplasmic reticulum and Golgi membranes
and a variable number of secretory granules

( 106). In cases oflongstanding Addison’s disease,

nodular hyperplasia of corticotrophs and
corticotroph adenomas may be present (97).

The pars intermedia corticotrophs also are

strongly PAS positive and exhibit intense im-

munostaining for ACTH and other POMC deriv-

atives. The border between the pars intermedia

and the pars distalis is often indistinct; occasion-

ally a thin layer of connective tissue is noticeable

between these two portions of the adenohypo-

Figure 1-37

CROOKE’S HYALINIZATION

Pituitary corticotrophs subjected to glucocorticoid excess

develop cytoplasmic hyalinization that pushes the ACTH-
positive secretory material to the periphery of the cell. The
clear vacuoles correspond to complex lysosomes known as

“enigmatic bodies.”

physis. On the posterior aspect of the pars inter-

media, basophil cells are frequently identified,

often in clusters within the neuropil of the pars

nervosa, and they can spread deeply into the

neural lobe (figs. 1-40, 1-41). This process,

known as “basophil invasion,” is more frequent

and pronounced with advancing age; it has been

reported to be more prominent in men than

women. Its functional significance is not known
and it is not associated with any recognized

endocrine abnormalities. It may be that cleavage

of the POMC molecule is different in this cell

population (62), and the hormonal activity of

these cells is not recognized. By electron micros-

copy, corticotrophs of the pars intermedia are

smaller, denser, and contain fewer intermediate
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Figure 1-38

CROOKE’S HYALINIZATION
The cytoplasm of cells exhibiting Crookes hyalinization

contains strong diffuse positivity for low molecular weight

cytokeratins. The nucleus and juxtanuclear “enigmatic bod-

ies” are not immunoreactive.

filaments than corticotrophs of the pars distalis.

They are also apparently less sensitive to the

feedback effect of glucocorticoids, since they do

not accumulate the keratin filaments ofCrookes

hyaline in response to glucocorticoid excess.

Gonadotrophs. These cells, which produce

the gonadotropins follicle stimulating hormone

(FSH) and luteinizing hormone (LH) represent

approximately 10 percent of the human adeno-

hypophysial cell population. In rats, the number

ofgonadotrophs containing each hormone varies

with age, sex, and hormonal status (69); in hu-

mans there is likely also variation in cell num-
ber, immunoreactivity, and morphology, but the

details have not been reported. Gonadotrophs

Figure 1-39

CROOKE’S CELL
The rough endoplasmic reticulum and Golgi complex are

inconspicuous. The perinuclear cytoplasm is filled with interme-

diate filaments that represent accumulations of low molecular

weight cytokeratins. This filamentous web has trapped secretory

granules and a large complex lysosome. The remainder of the

secretory material is pushed to the periphery of the cell.

are scattered throughout the pars distalis and

comprise the major constituent of the pars

tuberalis, where they undergo squamous meta-

plasia with advancing age (43). They stain with

basic dyes, the PAS technique, aldehyde thionin,

and aldehyde fuchsin. Immunohistochemistry

localizes cytoplasmic positivity for a-subunit, (3-

FSH, and (3-LH (fig. 1-42) in these cells; often

p-FSH and p-LH are found in the same cell,

indicating that one cell type is capable of produc-

ing both gonadotropins. There are, however, dif-

ferences in the number of cells containing the

two hormones, indicating that some gonado-

trophs contain only one gonadotropin.
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Figure 1-40

BASOPHIL INVASION

Basophils stained with PAS infiltrate the posterior lobe

(left) from the cystic spaces that represent the residual

Rathke’s cleft or vestigial intermediate lobe. Scattered PAS-
positive cells are also seen in the anterior lobe (bottom right).

Figure 1-41

BASOPHIL INVASION
The basophilic epithelial cells that infiltrate the posterior

lobe are immunoreactive for ACTH, as shown, as well as

other POMC-derived peptides.

The ultrastructural features of gonadotrophs

reveal a single cell population (fig. 1-43). These are

large oval or elongated cells with spherical nuclei

that are found at one pole of the cell (69,70). They

have abundant, slightly dilated rough endoplas-

mic reticulum profiles which often contain a floc-

culent electron lucent substance. The globoid

Golgi complex is prominent. Mature secretory gran-

ules are scattered throughout the cytoplasm and are

composed oftwo distinct populations thatmay show
sexual dimorphism: in men, smaller secretory

granules with an average diameter of 250 nm
predominate, whereas in women, most secretory

granules measure 300 to 600 nm in diameter.

Ultrastructural immunocytology localizes P-FSH
and (3-LH within the same cells and, in some cases,

within the same secretory granule.

Gonadotrophs are found in close proximity to

the basement membrane. They are also inti-

mately associated with lactotrophs which extend

cell processes around gonadotrophs. There are

intercellular junctions between the two cell

types (69), suggesting paracrine interactions

which are not well understood.

Gonadotrophs are present in sex-related di-

morphic numbers in the fetal adenohypophysis

(45). Between 15 and 25 weeks ofgestation, pitu-

itaries of female fetuses contain more gonado-

trophs than do pituitaries of male fetuses.

Throughout gestation, cells containing (l-LH pre-

dominate in males whereas the number of cells

containing P-FSH and [3-LH are almost equal in

females. This dimorphism correlates with differ-

ences in the levels of hypothalamic GnRH at the
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Figure 1-42

NORMAL GONADOTROPHS
Cells containing immunoreac-

tive B-FSH are scattered through-

out acini of the nontumorous pitu-

itary. These round cells have
evenly dispersed cytoplasmic im-

munoreactivity for a and B gonad-

otropic subunits.

Figure 1-43

NORMAL GONADOTROPHS
These large round to elongated cells have ovoid nuclei with occasional nucleoli. Short profiles of rough endoplasmic

reticulum are scattered throughout the cytoplasm. They are dilated and frequently contain electron-lucent material. The Golgi

complex is usually well developed and in a juxtanuclear location. Secretory granules are highly variable in size, shape, and
electron density and lysosomes are prominent.

26



The Normal Pituitary

Figure 1-44

GONADECTOMY CELLS
Two stimulated gonadotrophs ( 1, 2) exhibit marked dilation ofthe rough endoplasmic reticulum that contains granular contents of

low electron density. The prominent ring-like Golgi complex is seen in ajuxtanuclear location. Secretory granules are few and relatively

large. A prolactin ceU (PRL) is sandwiched between the two gonadectomy cells. (Figure 30 from Fascicle 21, 2nd Series.)

same stages of gestation (41). In the adult pitu-

itary, no such dimorphism of gonadotroph num-
bers has been identified.

Gonadotrophs of the pars distalis undergo

morphologic changes which reflect changes in

their hormonal environment; in contrast, the

gonadotrophs of the pars tuberalis usually show

signs of functional inactivity. In patients treated

with pharmacologic doses of estrogen, the

gonadotroph cells are small and dense (98). Dur-

ing pregnancy, the number of cells immunoreac-

tive for p-FSH, p-LH, or both is significantly

reduced (99). Gonadotrophs are also reduced in

number, size, and immunoreactivity in Kall-

mann’s syndrome, an uncommon variant ofhypo-

thalamic hypogonadism due to GnRH deficiency

and associated with anosmia (78). Castration

leading to prolonged lack ofthe negative feedback

effects of gonadal steroids results in stimulation

ofgonadotrophs which then secrete FSH and LH
in higher quantities; these stimulated “gonadec-

tomy cells,” “gonadal deficiency cells,” or “castra-

tion cells” are larger and more numerous than

normal gonadotrophs (69). Their vacuolated cy-

toplasm may displace the nucleus to the periph-

ery, giving the cell a “signet ring” appearance.

Electron microscopy reveals that this vacuola-

tion is due to accumulation of markedly dilated

rough endoplasmic reticulum. The Golgi com-

plex is enlarged and secretory granules are pres-

ent in reduced numbers (fig. 1-44).

Prominence of large active gonadotrophs has

been associated with prolactin-producing pitu-

itary adenomas in women (69). The factors un-

derlying this change are not understood.

Follicular Cells. Follicles are found through-

out the adenohypophysis as lumina that are lined

mainly by agranular or poorly granulated cells
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Figure 1-45

PITUITARY FOLLICLE
Pituitary cells containing secretory granules surround a

lumen lined by well-formed microvilli and tight junctions of

the macula adherens type.

joined at their apex by junctional complexes (71).

By electron microscopy, granulated adenohypo-

physial cells can be seen to form follicles around

damaged cells (fig. 1-45); the surrounding cells

form specialized intercellular attachments and un-

dergo degranulation and dedifferentiation. These

“follicular cells” can derive from somatotrophs,

lactotrophs, or corticotrophs. The follicular cells

form specialized junctions, macula adhaerens, be-

tween each other and with adjacent granulated

adenohypophysial cells; in contrast, granulated

adenohypophysial cells form only the less promi-

nent zonulae adhaerentes. Follicles are found in

areas with increased cell destruction, particu-

larly surrounding tumors (69). It is assumed they

play a role in isolating and processing cell debris.

Folliculostellate Cells. Immunocytochemi-

cal studies have localized SlOO protein to a spe-

cific subtype of cells in the normal human pitu-

Figure 1-46

FOLLICULO-STELLATE CELL
This cell is identified by its immunoreactivity for S-100

protein. The long branching cytoplasmic processes surround

a cluster of adenohypophysial cells.

itary gland (63,73). These cells are agranular

and are not immunoreactive for the classic adeno-

hypophysial hormones. Some are immunoreactive

for glial fibrillary acidic protein (GFAP ). They have

a characteristic stellate morphology, with long,

branched cytoplasmic processes embracing gran-

ulated adenohypophysial cells (fig. 1-46). Because

of confusion with the follicular cells described

above, some authors have suggested that these

cells be called “stellate cells” ( 63 ). They are believed

to have a supportive role similar to that played by

the S100-positive sustentacular cells of the adre-

nal medulla and paraganglia. In addition, they are

thought to play a role in paracrine regulation (49)

and were recently shown to produce interleukin-6,

a cytokine which may participate in local regu-

lation of hormone secretion (115). These cells

have also been implicated as the source of fibro-

blast growth factor in bovine pituitaries (58).
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Folliculostellate cells are not found in the pitu-

itaries ofanencephalics (55). They are numerous
in the compressed adenohypophysis at the pe-

riphery of adenomas. Some investigators have

found no S 100-reactive sustentacular cells

within pituitary adenomas, providing a possible

diagnostic criterion to discriminate between ad-

enomas and normal or hyperplastic pituitary

tissue (73); however, other investigators have

found SlOO-containing cells within tumors of

several types (81,87). They are also found in

large numbers at the periphery ofother pituitary

lesions, such as abscesses, amyloid deposits, and

in the residual hypophysis after surgery, but not

adjacent to metastatic tumor deposits, infarcts,

or Rathke’s cleft cysts (91).

Null Cells. The nontiimorous pitmtary con-

tains cells that cannot be conclusively identified by

ultrastructural criteria. These may represent rest-

ing cells, or imcommitted or committed stem cells.

In the fetal pituitary gland, cells with features of

the glycoprotein hormone cell line can be identified

prior to the recognition of differentiated thy-

rotrophs or gonadotrophs (44); a-subunit immrmo-
reactivity is present in fetal glands at the same
stage of gestation and P-subunits are not yet de-

tected (45). It has been suggested that these prim-

itive cells, which resemble null cells, may be pre-

cursors of the glycoprotein hormone cell line; they

maybe the cell oforigin ofsome null cell adenomas.

Oncocytes. Oncocytes are large polyhedral

cells which have abundant acidophilic granular

C3doplasm due to the presence of numerous mi-

tochondria (70). These cells may stain purple

with trichrome stains that use aniline blue, lead-

ing to misinterpretation as basophils. The phos-

photungstic acid-hematoxylin method demon-

strates mitochondrial abundance. By electron

microscopy, the c}doplasm of oncocytes is almost

filled with dilated, spherulated mitochondria,

but scattered secretory granules attest to the

hormonal activity of these cells. Oncocytic cells

may be found in the normal human adenohypo-

physis (76). The number ofthese cells appears to

increase with advancing age, a phenomenon also

found in other organs including th3rroid, para-

thyroid, and salivary glands.

Other Cells. Unclassified plurihormonal

cells have been identified in the nontumorous

pituitary. Colocalization of GH, a-subunit, pro-

lactin, and TSH has been reported in cells which

have ultrastructural features ofsomatotrophs or

mammosomatotrophs, and in cells which resem-

ble th3Totrophs (69). Studies of the rat pituitary

suggest a role for these plurihormonal cells in

some pathologic states; for example, some
somatotrophs transform into a population ofthy-

roidectomy cells in hypothyroidism (72). Cells

producing POMC derivatives with ultrastruc-

tural features of corticotrophs may produce go-

nadotropins or other hormones in the rat non-

tumorous pituitary (89); conversely, cells with

gonadotroph morphology may contain ACTH as

well as gonadotropins (88).

Cytodifferentiation
in the Adenohypophysis

The process ofcytodifferentiation in adenohypo-

physial cells has a highly specific pattern and

temporal sequence; the factors underlying this

process have only recently been investigated. Sev-

eral putative transcription-activating proteins

have been identified in the adenohypophysis and

have been implicated as key elements in the defi-

nition of cell-specific phenotypes and the regula-

tion of hormone gene expression (fig. 1-47). For

example, a member of the helix-loop-helix family

of transcription factors, corticotroph upstream

transcription element-binding (CUTE) protein,

is an important determinant of cell-specific ex-

pression of the POMC gene in the pituitary and

other sites ( 112); its activity is exerted in synergy

with another element that binds the POMC pro-

moter, a bicoid-related pituitaryhomeobox 1 fac-

tor, Ptxl (80). Pit-1, a 291-amino acid protein

which belongs to the homeobox family of devel-

opmental regulatory proteins, binds the pro-

moter sequences and activates the structurally

related GH and prolactin genes in rats and hu-

mans (96). In addition, the gene encoding the

P-subunit ofTSH contains sites that bind Pit-1,

though with lower affinity than sites in the GH
or prolactin gene 5’-ffanking regions ( 109). Stud-

ies of human pituitary adenomas have shown
that the pit-1 gene is selectively expressed in

adenoh3qjophysial cell types responsible for GH,
prolactin, and P-TSH synthesis (48,60,92). Differ-

entiation or maintenance of somatotroph, lacto-

troph, and thyrotroph phenotypes are dependent

on expression of a functional pit-1 gene; muta-

tions in the pit-1 gene result in hypopituitarism

(82,93,94). A putative thyrotroph-specific factor
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PROPOSED PATHWAYS OF CYTODIFFERENTIATION IN ADENOHYPOPHYSIAL CELLS
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has been described: thjn’otroph embryonic factor

(TEF) is a trans-acting factor that belongs to the

leucine zipper gene family of transcription fac-

tors and is thought to activate the expression of

the human (3-TSH gene (56). Expression of the

estrogen receptor correlates with expression of

prolactin or gonadotropins (54,61,120); this cell-

specific expression suggests that the estrogen re-

ceptor may be the factor responsible for the devel-

opment of prolactin expression in -expressing

somatotrophs. The nuclear receptor steroidogenic

factor-1 (SF-1), a member of the steroid receptor

superfamily (67,79), is a transcription factor that

regulates expression of the cytochrome P450
CYPllA and CYPllB genes in steroidogenic tis-

sues and is involved in their differentiation (86).

SF-1 is expressed by and is localized in gonado-

tropin-containing cells but not in other cell types

of the pituitary (40) and is necessary for the

differentiation of pituitary gonadotrophs (74).

Future studies of the molecular regulation of

hormone gene expression will, no doubt, clarify the

ability ofadenohypophysial cells to maintain C3do-

logic differentiation or undergo multidirectional

differentiation, both fimctional and morphologic.

Localization of Other Peptides
in the Adenohypophysis

Anumber ofhormones not initially thought to

be of pituitary origin have been found in adeno-

hypophysial cells (Table 1-2) (46). Several hypo-

thalamic hormones, including GRH, somato-

statin, TRH, and GnRH, have been detected in

adenohypophysial cells. While these may be in-

ternalized from hypothalamic sources, the data

suggest production by de novo synthesis in ade-

nohypophysial cells. Angiotensin II as well as

renin and angiotensin converting enzyme have

been localized in pituitary gonadotrophs. Immu-
noreactive bombesin/gastrin-releasing peptide

(GRP) and calcitonin gene-related peptide

(CGRP) have been found in the pituitary gland,

however, cell localization has not been demon-

strated. Cholecystokinin (CCK) is found in the

adenohypophysis but in a form which differs

from that present in other CCK-synthesizing

tissues; no immunocytochemical localization has

been reported but CCK has been found in large

amounts in corticotroph adenomas and it ap-

pears, therefore, that pituitary CCK derives

from corticotrophs. Galanin has been localized in

Table 1-2

PEPTIDES IN THE ADENOHYPOPHYSIS

Type Peptide

Adenohypophysial

hormones
Growth hormone (GH )

Prolactin (PRL)
ACTH and other POMC-derived

peptides

Thyrotropin (TSH)
Gonadotropins (FSH and LH)

Hypothalamic

hormones
GH-releasing hormone (GRH)
Somatostatin

TSH-releasing hormone (TRH)
Gonadotropin-releasing hormone
(GnRH)

Other hormones Angiotensin II, renin

Bombesin/gastrin-releasing

peptide (GRP)
Calcitonin gene-related peptide

(CGRP)
Cholecystokinin (CCK)
Galanin

Gastrin

Neuropeptide Y (NPY)
Neurotensin

Substance P
Vasoactive intestinal peptide (VIP)

Cytokines Interleukin-6

Growth factors Insulin-like growth factors ( IGFs

)

I and II

Epidermal growth factor (EGF)
Fibroblast growth factor (FGF)

Transforming growth factors (TGFs)

TGF-a
Inhibins and activins (TGF-P

family)

Chondrocyte growth factor*

Ovarian growth factor*

Glial growth factor*

Adipocyte growth factor*

Mammary growth factor*

* As yet uncharacterized.

corticotrophs of the nontumorous human pitu-

itary, including Crooke’s cells and cells of baso-

phil invasion in the posterior lobe, and in some

corticotroph adenomas; in contrast, in rats,

galanin mRNA is found in estrogen-induced pi-

tuitary tumors and galanin has been localized in

prolactin- and GH-producing cells as well as

some TSH-containing cells. The reason for this

species-specific regulation is unknown. Gastrin
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is present in the neurohypophysis, but there

appears to be species-specific variation in the

adenohypophysial expression of this hormone as

well: the human adenohypophysis contains only

traces of gastrin which is localized to cortico-

trophs and corticotroph adenomas. Neuropep-

tide Y (NPY) immunoreactivity and mRNA are

found in the pituitary and have been localized in

adenohypophysial cells consistent with a subset

of thyrotrophs. Neurotensin is thought to be

present in gonadotrophs. Immunoreactive sub-

stance P has been found in the rodent anterior

pituitary where it is localized in gonadotrophs

and lactotrophs, but in the guinea pig it is found

in thyrotrophs. Vasoactive intestinal peptide

(VIP) is synthesized in pituitary lacototrophs.

Cytokines are known to modulate pituitary

function and some have been shown to be pro-

duced in the hypothalamus; only a few have been

conclusively shown to be expressed in the ad-

enohypophysis itself. Interleukin-6 has been dem-

onstrated in stellate cells within the pituitary ( 115)

and in GH and ACTH cells (116). Interleukm-2

mRNA has been detected in cultured human
corticotroph adenomas (39); it remains uncertain

whether this cytokine is produced by nontumor-

ous human adenohypophysial cells.

Growth factors are also known to be produced

by adenohypophysial cells. A number of these

have been described: insulin-like growth factors

(IGFs) I and II, epidermal growth factor (EGF),

fibroblast growth factor (FGF), transforming

growth factors (TGFs), a chondrocyte growth fac-

tor, an ovarian growth factor, a glial growth fac-

tor, an adipocyte growth factor, a mammary
growth factor, and a number of others (57,117).
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METHODS IN PITUITARY PATHOLOGY

INTRAOPERATIVE CONSULTATION

Intraoperative consultations are felt to be of

value by some surgeons whereas in some institu-

tions they are rarely requested. Some experi-

enced surgeons suggest that the role of intraop-

erative consultation in the management of

pituitary tumors is restricted to distinguishing

pituitary adenomas from other lesions that occur

in the region of the sella turcica, such as

meningiomas, germinomas, and craniopharyngi-

omas, and metastatic tumors or inflammatory

lesions such as lymphocytic hypophysitis. If there

is a pituitary hormone hypersecretory state and

radiologic evidence of pituitary tumor, there is

little need for intraoperative consultation to con-

firm the diagnosis of pituitary adenoma; occasion-

ally, however, the siirgeon may encounter either

another unexpected lesion or anatomic complica-

tions that require clarification. Since freezing

results in disruption of tissue morphology that

can interfere with the subsequent histologic and

immunohistochemical examination, frozen sec-

tions should be performed only when necessary.

The accuracy of pituitary frozen section is

lower than that at other sites. While most surgi-

cal pathologists achieve accuracy rates ofgreater

than 90 percent at frozen section, the figures for

pituitary frozen sections are closer to 80 percent

(3,4). The reason for this low rate is largely tech-

nical, due to the small size of samples, freezing

artefact, fibrosis, and other architectural distor-

tions. Moreover, as will become apparent through-

out this text, the use of standard staining tech-

niques is not very helpful in pituitary pathology,

and most special methods are not applicable to

rapid intraoperative consultations.

When indicated, frozen sections or cytologic

touch preparations are used. The former results

in extensive artefact, but allows more accurate

assessment of architecture, which may be neces-

sary to identify an adenoma. Some authors have

recommended the use of 16 pm rather than stan-

dard 4 to 8 pm sections, with various histochem-

ical stains to identify secretory granules in cell

cytoplasm (2). Rapid reticulin staining can dis-

tinguish adenoma from nontumorous ad-

enohypophysis (9), hut this can be technically

difficult. Stromal configuration, such as deter-

mined by the fluoresceinated lectin Ricinus com-

munis agglutinin 120 (RCA 120); nuclear mor-

phology after staining with propidium iodide;

and cell-to-stroma ratios have also heen sug-

gested to diagnose pituitary adenoma by frozen

section (8), but for these methods, a fluorescence

microscope is required.

The use ofcytologic smears has the advantage

ofbeing rapid, using little tissue, avoiding freez-

ing artefact, and providing superh cellular detail

(figs. 2-1, 2-2) (1,6,7). Although architectural de-

tail is lost, a homogeneous cell population, binu-

cleate cells, atypical or pleomorphic nuclei, or

mitotic figures suggest the presence of an ade-

noma. This method, however, cannot he used to

determine invasion hy the tumor or to examine

resection margins.

Some surgeons request frozen section exami-

nation of the margins of a specimen to establish

complete tumor resection at the time of surgery.

Experienced pathologists have found that this is

extremely difficult and the expectation is often

unrealistic. If there is a clear indication for this

approach, it may be necessary.

In cases ofhormone hypersecretion unaccom-

panied by detectable radiologic abnormality,

such as occurs occasionally in patients with

Cushing’s disease, it may he necessary to deter-

mine the lateralization of a microadenoma bio-

chemically using inferior petrosal sinus sam-

pling (see chapter 3). The pathologist often

cannot visualize a lesion grossly at the time of

intraoperative consultation, and serial section-

ing is not desirable for identifying a micro-

adenoma on frozen section since it may be lost

for permanent identification. In this situation,

one can perform rapid intraoperative hormone

measurements, such as for adrenocorticotropic

hormone (ACTH) in the case of Cushing’s dis-

ease, in peripituitary blood (5).

Perhaps the most important role ofthe pathol-

ogist at the time of pituitary surgery is to process

the resected tissue for optimal handling that will

result in the most accurate diagnosis. When a
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Figure 2-1

CYTOLOGIC SMEARS OF
PITUITARY ADENOMAS
AT INTRAOPERATIVE

CONSULTATION
A: Sparsely granulated

somatotroph adenoma. Note
the eccentric distorted or lobu-

lated nuclei that surround the

clearing of fibrous bodies.

B: Corticotroph adenoma.
Note the basophilic granules

and “enigmatic bodies,” cyto-

plasmic vacuoles corresponding

to complex lysosomes.

C: Gonadotroph adenoma.
Thetumor is composed ofahomo-
geneous population ofsmall cells

with chromophobic cytoplasm.

D: Gonadotroph adenoma
with oncocytic change. This
tumor is composed of small mo-
notonous cells with chromopho-
bic cytoplasm interspersed with

cells that have abundant eosin-

ophilic granular cytoplasm.

E: Somatotroph adenoma
with giant cells and nuclear

pleomorphism. These worri-

some features confirm the

presence of a neoplasm but are

not indicative of malignancy.

F : Mitotic figures in a smear
are not indicative of malignancy.

(Courtesy of Dr. J. M. Bilbao,

Toronto, Canada.

)

tumor is small, the tissue should be fixed for

histologic and immunohistochemical analysis. If

there is sufficient tissue, a small piece should be

processed for electron microscopy. Dependingon the

interest ofthose involved in the investigation, sterile

tissue can edso be put in culture medium for in vitro

analysis and some can be frozen for biochemical or

molecular studies. Rapid handling of the tissue is

essential, since delay of fixation and drying can

damage the small fragments that are usually ob-

tained by transsphenoidal surgery, the routine

surgical approach for most pituitary tumors.
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Figure 2-2

CYTOLOGIC SMEARS
OF PITUITARY TUMORS
OTHER THAN ADENOMAS

AT INTRAOPERATIVE
CONSULTATION

A: Craniopharyngioma can

be diagnosed in a smear by iden-

tifying squamoid epithelial cells

that adhere to form sheets.

B: Keratin in a craniopha-

ryngioma forms crystalloid

structures that have colorful

birefringent patterns on polar-

ized light.

C: A Rathke cleft cyst can be

diagnosed at intraoperative con-

sultation by the recognition of

ciliated columnar epithelium
that has bland nuclear features.

D: An epidermoid cyst con-

tains desquamated epithelium

and keratin debris.

E: A meningioma in the re-

gion of the sella turcica can be

mistaken for a pituitary ade-

noma clinically, but is readily

recognized by the characteristic

meningotheliomatous whorls
on a smear.

F: A germinoma is com-
posed of epithelioid cells, infil-

trating lymphocytes, and a

multinucleate giant cell.

(Courtesy of Dr. J. M. Bilbao,

Toronto, Canada.)

HISTOLOGY AND
IMMUNOHISTOCHEMISTRY

The diagnosis ofpituitary disorders, both neo-

plastic and non-neoplastic, relies mainly on his-

tology and immunohistochemistry. Neutral

buffered formalin is the best routine fixative for

these studies. Some pathologists prefer Bouin’s

or Zamboni’s fixatives because cytologic detail

may be improved, but immunostaining for most

pituitary antigens is better with formalin, so it

is usually recommended that formalin be the

primary fixative. If tissue is available, some may
be fixed in the other preparations.
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Figure 2-3

RETICULIN STAINING OF PITUITARY ADENOMA
The reticulin fiber network is completely disrupted in

pituitary adenoma. The nontumorous adenohypophysis

(top) retains normal acinar architecture.

Routine histology relies on the conventional

hematoxylin and eosin stain. A number of histo-

chemical stains have been applied to the analysis

of pituitary tissues, such as the periodic acid-

Schiff (PAS) method, various trichrome stains,

aldehyde fuchsin and aldehyde thionine tech-

niques, orange G, Herlant’s erythrosin, or Brookes’

carmoisine. In the era ofimmunohistochemistry,

these beautiful but relatively nonspecific stains

have been relegated to the status of morphologic

curiosities. The major exception is the reticulin

stain which is essential for distinguishing normal

adenohypophysial architecture, hyperplasia, and

adenoma (figs. 2-3, 2-4) (22,23). Rare pituitary

adenomas may contain amyloid material that

stains with Congo red and has apple-green bire-

fringence with polarized light ( 12,13,16,18,24).

Figure 2-4

RETICULIN STAINING OF
ADENOHYPOPHYSIAL HYPERPLASIA

In adenohypophysial hyperplasia, the reticulin fiber net-

work remains intact but the acini are expanded.

Immimohistochemistry is perhaps the most

valuable tool in the diagnosis of pituitary tumors

( 14,22 ). This technique, along with routine histol-

ogy, is useful for determining cell differentiation

and classifying a lesion into one of the numerous

categories of pituitary tumors listed in the chap-

ters that follow. In the case of pituitary adenoma,

it is the most efficient and reliable means to

characterize hormone production; other markers

of adenohypophysial cell differentiation, such as

transcription factors ( 10,11), chromogi’anins (17),

and keratins (19-21), can also be determined by

immunohistochemical staining. The same is true

for proliferation markers, growth factor and re-

ceptor expression, and oncogene product expres-

sion which may have diagnostic, prognostic, or

therapeutic implications in the future. Antigenic
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markers of other tumors, including meningio-

mas, germinomas, craniopharyngiomas, meta-

static tumors, and sarcomas, allow the definite

diagnosis of these lesions.

In the past pathologists were faced with prob-

lems of interpretation due to suboptimal tissue

fixation, which caused artefactual immunonega-

tivity, or crossreactivity of antisera, which gave

rise to artefactual positivity; the latter was a par-

ticularly common problem with respect to hor-

mone localization. Improvements in tissue fixation

have been achieved in many laboratories as the

role of immunohistochemistry has expanded in

diagnostic pathology; this has resulted in far fewer

artefactually immunonegative cases.

The problem of crossreactivity and arte-

factual positivity was addressed in 1991 by a

collaborative study of the Pathologists of the

Club Frangais de I’Hypophyse. These investiga-

tors evaluated 29 monoclonal antibodies and

polyclonal antisera and recommended the use of

highly specific and sensitive commercially avail-

able products that could be used to accurately

determine the hormonal profile of pituitary ade-

nomas (15). Although they did not evaluate an-

tisera against ACTH or other proopiomelano-

cortin (POMC) derivatives, their analysis of

other antisera and antibodies is ofgreat value in

the study of pituitary adenomas. The reader is

referred to their important paper for the details;

a list of the recommended antisera emd antibod-

ies is provided in Table 2-1.

ELECTRON MICROSCOPY

The role of electron microscopy in pituitary

tumor diagnosis is controversial. Ultrastructural

examination has played a pivotal role in shaping

our understanding of adenohypophysial cytology

and structure-function correlations ( 25,27 ). How-
ever, this knowledge as well as improved immu-
nohistochemical methodology, has led to the de-

velopment of light microscopic markers of tumor

cell differentiation which obviate the need for this

time-consuming and expensive examination for

the usual forms of pituitary tumors. Neverthe-

less, electron microscopy remains an essential

tool for rare or unusual tumors.

For this type of analysis, small fragments of

fresh tumor tissue should be fixed in 2.5 percent

glutaraldehyde. Retrieval of tissue from paraffin

Table 2-1

ANTIBODIES RECOMMENDED FOR
HORMONE IMMUNOLOCALIZATION

IN PITUITARY ADENOMAS

Hormone
Polyclonal vs
Monoclonal Source

GH polyclonal NIDDK*
Miles

monoclonal Amersham
PRL monoclonal Miles

Immunotech

a-subunit polyclonal NIDDK
monoclonal Serotec

Immunotech

p-TSH monoclonal Miles
Immunotech

(3-FSH monoclonal Immunotech

p-LH polyclonal NIDDK
monoclonal Immunotech

*NIDDK - National Institute of Diabetes and Diges-
tive and Kidney Disorders.

is of dubious value in those difficult cases in

which electron microscopy is indicated, therefore

it is recommended that a small fragment oftissue

be fixed in every case in the event that it may be

needed. Postfixation in osmium and embedding in

an epoxy resin is suitable for conventional trans-

mission electron microscopy to determine the ul-

trastructural characteristics of tumor cells.

Ultrastructural immunolocalization of some

tumor cell antigens such as growth hormone (GH
),

prolactin, and ACTH is readily performed by ap-

plication of postembedding immunocytochemical

procedures (28); in some instances, omission of

osmium postfixation improves the result. Other

antigens, particularly the glycoprotein hormones,

are significamtly altered during routine processing

and require either special fixation and embedding

procedures or, alternatively, localization by pre-

embedding staining (26,29).

TISSUE CULTURE

The role of tissue culture is primarily as a

research tool but it can be applied to the diagno-

sis ofunusual pituitary tumors. Numerous stud-

ies have documented hormone synthesis and se-

cretion as well as their regulation in vitro; tissue

culture is useful for the determination of re-

sponse oftumors to various regoilatory hormones
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and drugs. This subject has been reviewed in

several publications (30,31).

The technical aspects of pituitary tumor cell

culture can be challenging. Pituitary cells attach

poorly to culture substrates and hormonal activity

in vitro is highly dependent on cell-to-cell interac-

tions as well as on the additives to culture media,

such as hormones or growth factors foimd in serum

or supplemented to serum-free media. The inter-

ested reader is referred to the work ofinvestigators

in the field for further information (32,37-39).

Cultured cells can be characterized by conven-

tional histochemical techniques, immunocyto-

chemical methods, electron microscopy, and in

situ hybridization. Individual cells can be ana-

lyzed in vitro using the reverse hemol5d:ic plaque

assay which detects antigen release or surface

presentation by single cells; it permits both quali-

tative assessment of mixed cell populations and

quantitation of amounts of hormone released,

since plaque size is proportional to the amount of

hormone that diffuses around a given cell (41). The

technique can be applied sequentially to measure
temporal variations in hormonal activity or to

identify cells that secrete more than one sub-

stance (33,35,36). It can be combined with immu-
nocytochemistry (34,42), electron microscopy

(40), autoradiography, or in situ hybridization.

FLOW CYTOMETRY

Flow cytometry has been used to examine

DNA ploidy in pituitary adenomas (43-45).

Studies indicate that pituitary adenomas have a

low incidence of aneuploidy, which occurs pri-

marily in GH- and prolactin-producing tumors.

Both fresh tissue and fixed specimens have been

used, however the latter 3deld lower aneuploidy

figures and lower S-phase fractions.

The significance of these data remains to be

established by follow-up of patients and more
rigorous prospective studies. At this time, flow

cytometry for DNA ploidy does not appear to be

of major importance in the routine analysis of

pituitary adenomas.

MOLECULAR ANALYSIS

Molecular analyses are rapidly becoming the

most sophisticated tools of the investigative pa-

thologist. For the moment, in situ hybridization.

Northern and Southern blot analyses, polymer-

ase chain reaction (PCR), and other such tools are

relegated to the realm of research. In rare cases,

they are required for diagnosis; for example, oc-

casional tumors may not store detectable hor-

mone and the application ofin situ hybridization

can clarify the profile of hormone production by a

pituitary adenoma (66,68-71,77). This technique

is easily applicable to sections of formahn-fixed,

paraffin-embedded tissue when the mRNA being

examined is abimdant, as it usually is for pituitary

hormones. However, the cost and time involved

limit this approach for routine diagnosis.

Northern blots and reverse transcription-

PCR (RT-PCR) have been used to characterize

gene expression in pituitary tumors. They iden-

tify not only hormone production (64), but also

other substances, such as transcription factors

(47,49,59,60,75,82) and growth factors (46,57,58,

61,67,79,81), that may be involved in tumor cell

differentiation and proliferation.

Genetic analyses have also attempted to de-

fine the molecular basis of pituitary tumorigen-

esis (51,54-56,63,65,74,78,80,83). These studies

are reviewed in chapter 3.

Transgenic models have been developed to

examine pituitary cytodifferentiation (50,52)

and tumorigenesis (48,53,62,72,73,76). Further

applications of these sophisticated technologies

will no doubt clarify the answers to many ques-

tions about pituitary tumor development.

A PRACTICAL APPROACH TO THE
DIAGNOSIS OF A PITUITARY TUMOR

The first approach to a pituitary tumor is

routine histology. This will usually allow classi-

fication of a lesion as an adenohypophysial pro-

liferation, as another tumor type (see chapters 5

to 10), or as a tumor-like lesion (see chapter 11).

If the lesion is a proliferation of adenohypo-

physial cells, a reticulin stain is imperative to

confirm neoplastic as opposed to hyperplastic

disease. Immunostains are then used to classify

the cells involved. A hyperplastic process will

contain hormone-immunoreactive cells of all

types with predominance of one t3qje; the re-

gional distribution of the various hormone-con-

taining cells within the gland (see chapter 1)

must be considered when assessing cell num-
bers. Neoplasms should be first classified, as
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reviewed in the following pages, based on hor-

mone reactivity, transcription factors, or both,

but subclassification entails the addition ofother

stains; for example, among growth hormone-pro-
ducing adenomas, the pattern of low molecular

weight cytokeratins (using the Cam 5.2 anti-

body) distinguishes sparsely from densely gran-

ulated adenomas without the need to resort to

electron microscopy.

Electron microscopy is indicated for more pre-

cise evaluation of unusual tumors that are not

readily classified on the basis ofclassic immuno-
histochemical profiles. This includes tumors
that do not contain immunoreactive hormones,

in which case other markers should also be used

to exclude other tumors discussed in chapters 5

through 10. Tumors with unusual patterns of

hormone reactivity also warrant ultrastructural

investigation. The diagnosis of unusual adeno-

mas, such as the aggressive silent subtype III

adenomas (see pages 125 and 126) or acidophil

stem cell adenomas (see pages 77-81) usually

requires ultrastructural confirmation once the

suspicion is raised by atypical immunohisto-

chemical results. The results are not academic

only; these diagnoses predict a worse prognosis

and therefore indicate the need for closer clinical

surveillance, and in some cases, prompt more

aggressive postoperative management with

early radiotherapy.

Tissue culture techniques, flow cytometry,

and molecular analyses remain ancillary tools

without direct diagnostic applications at this

point in time.

Tumors not composed of adenohypophysial

cells, such as craniopharyngiomas, neurogenic

neoplasms, germ cell tumors, hematologic lesions,

vascular and mesenchymal proliferations, and

metastatic malignancies, are usually classified

on the basis of histologic and immunohistochem-

ical parameters described in the following chap-

ters; ultrastructural examination should be per-

formed when these techniques are not diagnostic.
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3

PITUITARY ADENOMAS

Pituitary adenomas are benign neoplasms

composed of adenohypophysial cells. These tu-

mors are clonal proliferations and exhibit a wide

range of behavior, both functional and prolifera-

tive. Although they usually arise in the sella

turcica, they may occasionally be ectopic.

Some pituitary adenomas are small, with a

slow rate of growth. When hormonally inactive,

such tumors are not usually detected clinically

and therefore represent either radiologic “in-

cidentalomas” or incidental findings at postmor-

tem examination. When they produce hormones

in excess, however, they can give rise to a severe

clinical syndrome, such as acromegaly or

Cushing’s disease, that can be lethal despite the

relative paucity of tumor growth.

Other adenomas are rapidly growing tumors

that give rise to symptoms ofan intracranial mass
or cause visual field disturbances. They may in-

vade locally downwards into the paranasal

sinuses, laterally into the cavernous sinuses, and

upwards into the parenchyma ofthe brain. These

more aggressive tumors are either hormonally

active, secreting any number of hormones in ex-

cess, or clinically nonfunctional.

This chapter reviews the epidemiology and

classification of these lesions and discusses the

clinical, biochemical, radiologic, and morpho-

logic features as well as the prognosis and ther-

apy of each tumor type. A comprehensive discus-

sion of the pathogenesis of these intriguing

neoplasms follows.

EPIDEMIOLOGY OF
PITUITARY ADENOMAS

The true incidence of pituitary tumors is diffi-

cult to establish with certainty. The recognized

incidence of tumors of any type in a given popu-

lation is determined by the limitations ofdiagnos-

tic techniques. With modern methods of imaging

and biochemical analysis ofhormonal activity, the

most recent data, reviewed below, suggest that

pitmtary adenomas are common, occurring in ap-

proximately 20 percent ofthe general population.

Various studies have examined the incidence

of such lesions at autopsy (fig. 3-1) or at routine

radiologic evaluation of asymptomatic patients,

yielding data on the development of incidental,

slowly growing tumors that do not give rise to

chnical symptoms of either a sellar mass or hor-

monal excess. While one study found incidental

pituitary adenomas in only 2.7 percent ofthe pop-

ulation (6), careful histologic assessment yields

higher numbers ( 16) and some have shown preva-

lences of 22.5 (3) and 27 percent (2). Using high

resolution computed tomography (CT ) or magnetic

resonance imaging (MRI), approximately 20 per-

cent of “normal” pituitary glands are shown to

harbor an incidental lesion measuring 3 mm or

more in diameter (4). Most asymptomatic patients

have clinically nonfunctioning tumors that are

now recognized to be of gonadotroph differentia-

tion, or prolactinomas that have not caused symp-

toms recognized by the patient (12,13). The sex

incidence is equal in these studies and the inci-

dence increases with age in autopsy analyses so

that the more than 30 percent of patients 50 to 60

years of age have clinically undetected tumors.

Clinically diagnosed pituitary adenomas (figs.

3-2-3-4) traditionally were said to represent 10

percent of intracranial neoplasms, however, im-

provements in radiographic imaging, biochemi-

cal detection of hormonal abnormalities, and

Figure 3-1

INCIDENTAL PITUITARY ADENOMA
This small microadenoma was identified incidentally at

autopsy. The patient had no evidence ofhormone excess and

no symptoms of a sellar mass.
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Figure 3-2

INTRASELLAR PITUITARY ADENOMA
This intrasellar adenoma, occupying one of the lateral

wings, was found incidentally at the autopsy of a 65-year-old

man who died of coronary heart disease. The tumor caused

no obvious endocrine symptoms and contained no immunore-

active hormones. (Plate IVC from Fascicle 21, 2nd Series.)

microsnrgical techniques have increased diag-

nostic accuracy, such that pituitary adenomas
now represent approximately 25 percent of sur-

gically resected intracranial neoplasms in some
series (17). Epidemiologic data obtained prior to

1969 indicated annual incidence rates of up to

1.85 per 100,000 population (5) with geographic

and racial variation; again these figures may be

low and the diagnosis appears to be more frequent

today because of increased awareness and im-

proved diagnostic techniques.

Prolactinomas are the most common type of

adenoma. About one third of pituitary adenomas
are not associated with clinical hypersecretory syn-

dromes but present with S3miptoms ofan intracran-

ial mass, such as headaches, nausea, vomiting, or

visual field disturbances. Growth hormone- or ad-

renocorticotropic (ACTH)-producing adenomas
each account for 10 to 15 percent of pituitary

Figure 3-3

INVASIVE PITUITARY ADENOMA
This large pituitary adenoma intrudes into the brain of

a 74-year-old woman who had a 2-year history of dementia

and visual impairment. Obstruction of the third ventricle

resulted in hydrocephalus, requiring a ventriculo-peritoneal

shunt. (Courtesy of Dr. J.M. Bilbao, Toronto, Canada.)

adenomas while thyroid-stimulating hormone
(TSH)-producing adenomas are rare (14,20).

The relative frequency of the various adenoma
types encountered by the surgical pathologist var-

ies with several factors, including geography emd
the therapeutic approach involved. For example,

in some centers, prolactinomas are rare in surgical

material because the endocrinologists prefer a

medical approach to management (8,11,18,20).

There is usually a female preponderance in tumor

occurrence. In women, adenomas usually present

at a yoimger age and there is a higher incidence of

prolactin (PRD- and ACTH-secreting tumors

whereas in men they tend to present in middle or

older age as clinically nonfunctioning tumors ( 18).

Pituitary adenomas are infrequent in child-

hood: only about 3.5 to 8.5 percent are diagnosed

before the age of20 years ( 7,15). Childhood tumors

exhibit a female preponderance and some have
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Figure 3-4

GIANT PITUITARY ADENOMA
This very large pituitary adenoma grew upwards to

compress the hypothalamus hut exhibited no invasive prop-

erties and still maintains a capsule.

suggested that they are smaller, less invasive,

and less aggressive than tumors of adults (7).

Hormone excess is common and only a few are

clinically nonfunctioning tumors that present

with mass effects. Tissue destruction results in

a decreased secretion of growth hormone (GH),

with resultant growth retardation. Patients with

GH-secreting adenomas have an almost uniform

incidence of PRL production hy the tumor and

pure GH adenomas are rare in children (7).

In random autopsies, 0.9 percent of pituitary

adenomas identified were multiple (9). As ex-

pected of incidental adenomas encountered at

postmortem, most were small and clinically si-

lent. In another review ofmore than 3000 surgi-

cally resected pituitary adenomas, 11 were de-

fined as “double adenomas” ( 10) and in 2 of these

cases, hormone excess attributable to both tu-

mors was manifest. In surgical series, multiple

adenomas are rarely reported; synchronous de-

tection ofmore than one tumor has been reported

(1,9,10) and metachronous double adenomas
have occurred in the same patient ( 19).

CLASSIFICATIONS OF
PITUITARY ADENOMAS

Pituitary adenomas have been classified by

various groups ofinvestigators in different ways.

Functional Classification

A functional classification characterizes a pi-

tuitary adenoma based on its hormonal activity

in vivo. This is the common clinical approach, and

places adenomas into the categories ofGH-produc-

ing adenomas associated with acromegaly and/ or

gigantism, adenomas causing hj^erprolactinemia

and its clinical sequelae, ACTH-producing adeno-

mas associated with Cushing’s or Nelson’s syn-

dromes, TSH-producing tumors, the rare clinically

detectable gonadotroph adenomas, and the large

group of clinically nonfunctioning adenomas.

Anatomic or Radiologic Classification

Neuroradiologic examination provides a

method of classification of pituitary adenomas
based on tumor size and degree of local invasion.

These data are of critical importance to the sur-

geon when planning for tumor resection. The
most widely used classification, proposed by

Hardy in the 1970s (24), was based primarily on

skull X rays, pneumoencephalography, poly-

tomography, and carotid angiography (fig. 3-5).

It remains valid with the application of CT and
MRI scanning which are more accurate (fig. 3-6).

This classification places adenomas into one

of four grades: 1) grade I adenomas, or microaden-

omas, are intrapituitary lesions that measure less

than 1 cm in diameter. While these lesions may be

detected with sophisticated imaging techniques,

by definition they do not cause bony changes to the

seUa turcica that can be identified by conventional

X rays (fig. 3-6A; compare with fig. 3-1); 2) grade II

adenomas are larger than 1 cm in diameter but stiU

remain intrasellar or exhibit suprasellar expansion

without invasion. Sellar enlargement is usually

identified but these tumors do not cause bony de-

struction ( fig. 3-6B; compare with fig. 3-2); 3) grade

III adenomas are small or large locally invasive

tumors that may be associated with diffuse sellar
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SUPRA SELLAR EXPANSION

ENCLOSED
• MICROADENOMA 1

(<10 MM)

•ADENOMA II

(>10 MM)

^ ABC

INVASIVE

• LOCALISED III

• DIFFUSE IV

Figure 3-5

RADIOLOGIC CLASSIFICATION OF PITUITARY ADENOMAS
(Fig. 43 from Fascicle 21, 2nd Series.)

enlargement or may have suprasellar extension,

but in either case cause bony erosion of the sella

turcica (fig. 3-6C; compare with fig. 3-7); and 4)

grade IV adenomas are large invasive tumors that

involve extrasellar structures including bone, hy-

pothalamus, and the cavernous sinus (fig. 3-6D;

compare with figs. 3-3, 3-4, 3-8).

A subclassification of grade I, II, and III tu-

mors identifies the degree of suprasellar inva-

sion as small (A), moderate (B), or large (C).

Invasive adenomas are a subject of contro-

versy. Some have suggested that significant local

invasion should be considered a sign ofmalignant

potential (see chapter 4). However, infiltrative

pituitary tumors that invade dura, bone, and the

cavernous sinus are relatively common (32-34),

yet they do not metastasize; these are generally

classified as benign but aggressive adenomas.

Large invasive pituitary adenomas can invade

the sphenoid bone and further downward to pres-

ent as nasopharyngeal masses (36) or may invade

posteriorly to involve or destroy the clivus (37),

creating significant diagnostic dilemmas.

The incidence ofinvasion varies depending on

whether the lesion is examined grossly or micro-

scopically. Invasive lesions are less frequently

identified by imaging techniques or by the sur-

geon than by the pathologist examining dural

biopsies microscopically (34).

Invasiveness appears to correlate to some ex-

tent with tumor type and size. The most invasive

groups include thyrotroph adenomas and silent

corticotroph adenomas (32,33); in addition, the

unusual plurihormonal silent subtype III adeno-

mas are generally invasive (25). Macroadenomas

are more often invasive than are microadenomas.

Grossly invasive adenomas are recognized by the

surgeon and are usually not amenable to complete

resection; for smaller lesions, however, there are

no well accepted markers to predict invasive be-

havior and possible recurrence. Cytologic features

are not valid, since they do not differ in recurrent

and non-recurrent tumors. Ploidy analyses have

not shown aneuploidy to correlate with hormone

profile or recurrence (21,22). Some authors have

suggested that the proliferation markers Ki-67,

proliferating cell nuclear antigen (PCNA) or pl05

(22,23,26,27,30,31), or the purine-binding factor

nm23 (35) may be useful in this regard.

Histologic Classification

The histologic diagnosis of pituitary adeno-

mas prior to the era of immunohistochemistry

and electron microscopy was a frustrating and
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Figure 3-6

RADIOLOGIC CLASSIFICATION OF PITUITARY ADENOMAS (MRI, Tl-WEIGHTED IMAGES)
A: A grade I microadenoma is a small intrapituitary lesion that measures less than 1 cm in diameter. This left-sided

microadenoma is slightly hypointense.

B: A grade II adenoma is intrasellar but larger than 1 cm in diameter. This tumor exhibits mild suprasellar extension.

C: Agrade III adenoma is locally invasive with suprasellar extension and chiasmal stretching. The tumor also exhibits focal

areas of hyperintensity consistent with recent hemorrhage.

D: A grade IV adenoma is large and invasive, involving extrasellar structures including the right cavernous sinus and
extending into the right temporal lobe. (Courtesy of Dr. S. Ezzat, Toronto, Ontario.)
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Figure 3-7

GRADE III PITUITARY ADENOMA
This clinically nonfunctioning adenoma is a grade III

tumor with suprasellar extension and focal bony erosion ofthe

sella turcica. (Courtesy of Dr. J.M. Bilbao, Toronto, Ontario.

)

unsuccessful exercise. These tumors were clas-

sified by microscopists as acidophilic, basophilic,

and chromophobic using conventional stains; ac-

idophilic adenomas were said to be associated

with acromegaly or gigantism, basophilic adeno-

mas were thought to be the cause of Cushing’s

disease, and chromophobic tmnors were consid-

ered to be nonfunctioning from the endocrine

perspective. However, the value of such classifica-

tion was questioned when it became obvious that

some chromophobic adenomas were associated

with the florid clinical S3miptomatology ofhormone

excess, and some acidophilic or basophilic adeno-

mas were clinically hormonally inactive.

The appheation of more sophisticated histo-

chemical stains led to an enhanced classification

ofthese adenomas, but still proved to be relatively

insensitive, nonspecific, and therefore rmreliable.

Immunohistochemical Classification

The development oftechniques for the immu-
nologic detection ofantigens in tissue revolution-

ized the classification of pituitary adenomas.

Since hormones are well recognized as antigenic

substances by other species, this technology al-

lowed the development of highly specific anti-

Figure 3-8

GRADE IV INVASIVE PITUITARY ADENOMA
This invasive tumor is the same as illustrated in figure

3-3. The tumor invades the brain parenchyma of the hypo-

thalamus.

sera to adenohypophysial hormones and precip-

itated the morphologist’s ability to accurately

determine hormone content of tumor cells.

The classification of pituitary adenomas cur-

rently relies most heavily on the use ofthe immu-
nohistochemical characteristics of tumor cells.

However, there is still controversy concerning the

most important reactivities of these adenomas.

From the chnical perspective, hormonal activity is

the basis for diagnosis and therapy. Biologically,

however, it remains to be established whether

other characteristics, such as proliferation mark-

ers, growth factor and receptor expression, or onco-

gene product expression, will prove to be the most

important predictors of tumor behavior, reflect-

ing invasive growth, recurrence, or metastasis.

If these markers are found to be useful in the
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Table 3-1

IMMUNOHISTOCHEMICAL
CLASSIFICATION OF

PITUITARY ADENOMAS

Major Component
Other

Reactivities

GH-PRL-TSH family Pit-1

GH-cell adenomas

GH-cell adenomas with

a-subunit

fibrous bodies

GH- and PRL-cell (mammo-
keratin whorls

somatotroph) adenomas a-subunit, ER
PRL-cell adenomas

PRL-cell adenomas with GH
ER

reactivity

TSH-cell adenomas ( (3-TSH

and a-subunit)

GH-, PRL-, and TSH-producing

ER

adenomas ER

ACTH family 7

ACTH-cell adenomas keratins

Gonadotropin family

FSH/LH-cell adenomas

((3-subunits and a-subunit)

Unclassified adenomas
Unusual plurihormonal adenomas

Hormone-negative adenomas

SF-1, ER

guidance of therapeutic management, the classi-

fication ofthese tumors will undergo a revolution.

Nevertheless, the application of immunohisto-

chemical staining methods to determine tumor

cytogenesis emd pathogenesis will likely remain

a mainstay of morphologic classification.

Currently, pituitary adenomas are classified

by hormone content. This functional approach

most closely correlates with the clinical presen-

tation of the patient. The outline for this system

is provided in Table 3-1. Other markers of cell

differentiation, such as the transcription factors

that regulate hormone expression and keratins,

can also be used to classify and subclassify pitu-

itary adenomas immunohistochemically. Some of

these obviate the need for ultrastructural exami-

nation except in unusual situations. Other predic-

tive indicators, such as proliferation markers, can

be incorporated into this type of classification.

Ultrastructural Classification

Electron microscopy is useful to characterize

the cytologic differentiation of tumor cells. The

applications of this technology, combined with im-

munolocalization of hormones, at both the light

and electron microscopic levels, allow structure-

function correlations that provide the basis for a

morphologic classification (28). This type of analy-

sis allows recognition of specific subcellular char-

acteristics of somatotrophs, mammosomato-
trophs, lactotrophs, thyrotrophs, corticotrophs, and

gonadotrophs. In most tumors, immunolocaliza-

tion of hormones can achieve these objectives.

Careful examination by electron microscopy

permitted the subclassification of tumors that

produce GH and PRL. This led to the recognition

of densely and sparsely granulated somatotroph

adenomas as well as lactotroph adenomas. Now
that the variants are known, they can be distin-

guished by immunostaining and light microscopy.

Densely granulated lactotroph adenomas are ex-

ceedingly rare, and the variants of somatotroph

adenomas are conveniently recognized with the

application of keratin stains, since sparsely gran-

ulated somatotroph adenomas are characterized

by the presence of conspicuous fibrous bodies that

are readily decorated by the Cam 5.2 antibody.

Subclassification of GH- and PRL-producing ade-

nomas as densely granulated somatotroph ade-

nomas with PRL content, mammosomatotroph
adenomas, or mixed somatotroph-lactotroph ad-

enomas is difficult without rdtrastructural analy-

sis; the significance ofthese subtleties for clinical

management remains unclear.

In the family of glycoprotein-producing ade-

nomas, there has been some controversy con-

cerning the diagnosis of gonadotroph adenomas

without ultrastructural confirmation of cytodif-

ferentiation. Previously, immunolocalization of

glycoprotein hormones was unreliable; there

was significant crossreactivity, particularly be-

cause of the common a-subunit, and fixation led

to artefactual negativity in some cases. These

problems have been reduced by the development

of more sensitive and specific antisera and im-

provements in tissue fixation for antigen recog-

nition. It now appears that the gonadotropic

hormones, as detected by antisera to (3-follicle-

stimulating hormone (FSH) and (3-luteinizing

hormone (LH) are present in many clinically
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Table 3-2

CLINICOPATHOLOGIC CLASSIFICATION OF PITUITARY ADENOMAS

FunctioningAdenomas NonfunctioningAdenomas

GH-PRL-TSH family

Adenomas causing GH excess

Densely granulated somatotroph adenomas
Sparsely granulated somatotroph adenomas with fibrous bodies

Mammosomatotroph adenomas
Silent somatotroph adenomas

Adenomas causing hyperprolactinemia
Lactotroph adenomas
Lactotroph adenomas with GH reactivity (Acidophil stem cell

adenomas)

Silent lactotroph adenomas

Adenomas causing TSH excess

Thyrotroph adenomas (p-TSH and a-suhunit) Silent thyrotroph adenomas

ACTH family

Adenomas causing ACTH excess

Corticotroph adenomas Silent corticotroph adenomas

Gonadotropin family

Adenomas causing gonadotropin excess

Gonadotroph adenomas Silent gonadotroph adenomas
Null cell adenomas, oncocytomas

Unclassified adenomas

Unusual plurihormonal adenomas Hormone-negative adenomas

nonfunctioning adenomas. Some of these are rec-

ognized by electron microscopy as having gonado-

tropic differentiation, but some have less well-dif-

ferentiated cells, resembling the “null” cells that

were initially thought to be imdifferentiated pre-

cursors of adenohypophysial cells (29). The role of

electron microscopy in the classification of these

tumors remains controversial, but since there is

little clinical impact, the need for this expensive

and time-consuming exercise remains academic.

For unusual plurihormonal adenomas, elec-

tron microscopy continues to play an important

role in determining cytodifferentiation and
structure-function correlations.

Clinicopathologic Classification

The ideal classification ofany group oftumors

is one which maximizes the ability to reflect

clinical and morphologic features. The endocrine

manifestations and aggressivity ofpituitary ade-

nomas are usually correlated with specific

morphologic phenot3T)es. Table 3-2 summarizes

a scheme that permits maximal structure-func-

tion identification. Generally, aggressive behav-

ior is a phenomenon of silent adenomas and

unusual plurihormonal adenomas as well as the

rare lactotroph adenoma with GH immunoreac-

tivity, known as the “acidophil stem cell ade-

noma.” Additional information, such as tumor

size; radiologic, gross, or microscopic evidence of

invasion; and the prohferative activity level of a

tumor as identified by flow c3dometry or immu-
nohistochemical prohferation markers, can be

incorporated in a multidisciplinary fashion to

determine the optimal therapeutic approach to

management of the individual patient.

PITUITARY ADENOMAS CAUSING
GROWTH HORMONE EXCESS

Clinical Features. GH excess causes acro-

megaly, gigantism, or both. The clinical syndrome

of acromegaly, characterized by prognathism,

thickening of the soft tissues of the face and lip

(fig. 3-9), and acral enlargement (fig. 3-10), was
first described by Pierre Marie in 1886 (103); its

association with pituitary tumor was noted by

Minkowski in 1887 (106). The chronic hyper-

secretion ofGH as the cause of acromegaly and
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gigantism was confirmed by the experiments of

Evans and Long (59). Gigantism is the result of

GH excess prior to epiphyseal closure and is

frequently accompanied by the soft tissue thick-

ening characteristic of acromegaly.

Of historic interest, the first case of acromeg-

aly was probably documented in 1365 BCE: the

Egyptian king Akhenaton displayed the classic

clinical features ofacromegaly including progna-

thism, enlargement of the nose and upper jaw,

and thickening of the soft tissues of the face and

lip. Speculation may lead one to attribute major

historic significance to the visual field defects that

may he caused by large pituitary somatotroph

tumors; it is hkely that the giant Goliath had a

pituitary adenoma with GH excess, and his defeat

by David maybe attributed to these complications.

Acromegaly is insidious in onset and may not be

noted by the patient, friends, or family. This often

results in delay in diagnosis, which may be made
at the time of investigation of an unrelated prob-

lem or ofsymptoms ofcomplications such as head-

ache, carpal tunnel syndrome, diabetes mellitus,

hypertension, hypogonadism, or other manifesta-

tions of hypopituitarism (48,107). The chronic

hypertension can lead to cerebrovascular dis-

ease, coronary artery disease, congestive heart

failure, and early death. Patients with acromeg-

aly also have a higher incidence of malignancy,

including colonic polyps and carcinomas and

breast carcinomas, than the general population.

Figure 3-9

CLINICAL MANIFESTATIONS OF ACROMEGALY
This patient with a longstanding growth hormone-pro-

ducing adenoma exhibits the characteristic facies of acro-

megaly, with prognathism and thickening of soft tissues of

the face and lip. (Courtesy of Dr. S. Ezzat, Toronto, Canada.

)

Figure 3-10

CLINICAL
MANIFESTATIONS
OF ACROMEGALY

Chronic growth hormone excess

in acromegaly results in significant

acral enlargement as shown in this

illustration. (Courtesy of Dr. S.

Ezzat, Toronto, Canada.

)
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Biochemical Findings. The dominant chem-

ical abnormality in acromegaly and gigantism is

GH excess. The hormone exists in a number of

different forms as a result of alternative mRNA
processing and post-translational modifications

(127). The heterogeneity involves both molecular

size and molecular charge. Size heterogeneity is

due to the existence of oligomeric forms as well as

to differential binding ofGH to carrier proteins in

plasma. Charge isomerism is the expression of

several monomeric molecular forms: 22K, 20K,

acetylated and deamidated GH. The various mo-

lecular forms can be demonstrated in the normal

pituitary gland and in tumors, in tissue extracts,

in culture media, and in the blood of normal and

acromegalic patients. The relative proportions of

the monomeric GH forms are the same in tumors

and nontumorous pituitary.

GH is thought to exert many of its biologic

functions through stimulation of somatomedins,

a family of peptides also known as insulin-like

growth factors (IGF) (48,50,113). IGF-1 and IGF-

2 are single chain polypeptide hormones of 70 and

67 amino acids, respectively. They show more than

60 percent homology to each other and have over

40 percent homology to insulin. Somatomedins are

synthesized in a number of sites; liver is thought

to be the major soiorce of circulating IGF-1 but a

variety of other tissues have also been shown to

express IGF mRNA ( 113 ).

The diagnosis of acromegaly relies upon docu-

mentation of elevated serum GH levels as well as

elevated IGF-1 (somatomedin-C) (79,105). Al-

though random GH levels are occasionally not

elevated, the 24-hour GH profile, in which serum

GH is measured at frequent intervals throughout

the day and night, may be of diagnostic signifi-

cance; normals generally show very low serum

GH values, less than 1 to 2 ng/ml, at some time

during the day or night whereas acromegahcs

almost never achieve such low values. Adminis-

tration of glucose suppresses serum GH in nor-

mals but not in acromegalics. This maneuver is

now routinely used as a diagnostic tool; failure

to observe suppression of GH following an oral

glucose load is considered to be the single most
useful and definitive diagnostic test for acromeg-

aly. Some acromegalics actually show a “para-

doxical” stimulation ofGH in response to glucose

loading. Ancillary tests of GH secretion include

administration ofthyrotropin-releasing hormone

(TRH): normals rarely show GH stimulation in

response to this substance but a significant pro-

portion ofacromegahcs have at least a 50 percent

rise in serum GH. L-DOPA testing is used by

some endocrinologists: in normals, GH is stimu-

lated but in 50 to 100 percent ofacromegalics GH
is suppressed by L-DOPA. GH responses to insu-

lin-induced hypoglycemia, arginine, and GH-re-

leasing hormone (GRH) are nondiscriminating

and have not proven useful for diagnosis.

Some acromegalic patients and many with gi-

gantism have h)rperprolactinemia in the absence

of a macroadenoma that could explain the phe-

nomenon as “stalk section effect” (123). It is now
recognized that many GH-producing tumors se-

crete PRL (55,67,81,82). Chnical studies have also

documented elevated blood levels of the a-sub-

unit of glycoprotein hormones in some acrome-

galic patients (109). GH-producing adenomas are

often immunopositive for a-subunit (86) and co-

existence of GH and a-subunit in the same cell

and colocalization in the same secretory granule

have been demonstrated by immunoelectron mi-

croscopy (49,111). Release of a-subunit in associ-

ation with GH has been documented in vitro (86).

Elevated levels of plasma GRH have been

found in cases of acromegaly secondary to extra-

hypothalamic GRH-producing neoplasms (see

chapter 11), but plasma GRH has been generally

undetectable in patients with primary pituitary

disease (129).

Radiologic Findings. Pituitary and sellar

enlargement found on skull roentgenography is

useful in the diagnosis of acromegaly; sellar en-

largement is found in 75 to 95 percent ofpatients

(85,105,107). A pituitary tumor is nearly always

demonstrable on CT scanning or with MRI (fig.

3-11). Tumor size can also be estimated by the

addition of lateral pol3domography, air encepha-

lography, or carotid angiography; in the case of

microadenomas, these techniques are unneces-

sary. Recently, the demonstration of somatostatin

receptors in pituitary tumors has led to the use of

scintigraphic visualization of radiolabeled

somatostatin analogs to localize some adenomas

(fig. 3-12) (91). However, in addition to identify-

ing tumors that produce GH or TSH as well as

functionally inactive pituitary adenomas, this

imaging technique has localized other lesions,

such as metastatic deposits (133), and therefore

it is not as specific as originally postulated.
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Figure 3-11

RADIOGRAPHIC FEATURES
OF ACROMEGALY

A Tl-weighted MRI image of a
patient with a pituitary adenoma
causing growth hormone excess re-

veals a large adenoma causing
marked destruction of the sella tur-

cica. The image also shows the thick-

ening of soft tissues aroimd the orhit

and skull, correlating with the clini-

cal appearance ofthe patient.

Figure 3-12

OCTREOSCAN LOCALIZATION OF GROWTH HORMONE-PRODUCING PITUITARY ADENOMA
Octreotide scintigraphy in a patient with acromegaly localizes a suprasellar pituitary adenoma that shows selective uptake

of the radiolahelled somatostatin analogue.

Considerable attention is also paid to extracra-

nial radiographic findings. Of these, measure-

ment of heel pad thickness has been proposed as

a useful diagnostic test. There is, however, con-

siderable overlap of normal values and those of

acromegalic patients, and the technique has found

its greatest use in monitoring the effects oftherapy.

Gross Findings. Unlike tumors that are not

detected until they have grown beyond the sella

turcica, these adenomas are often diagnosed early

because of the striking clinical syndrome they

create. The most characteristic finding in acromeg-

aly is, therefore, a well-demarcated adenoma,

often confined to the anterior lobe ofthe pituitary

gland ( 122). Microadenomas are usually located in

one of the lateral wings, the principle site of GH-
producing cells in the normal adenohypophysis

(88). Larger tumors may distort the sella, spread

into the suprasellar area, and occasionally invade

neighboring tissues. GH levels are thought to cor-

relate with pituitary tumor size, and the presence

of suprasellar extension also correlates with in-

creased circulating GH levels (85,131).

Microscopic Findings. The morphologic ap-

pearance of GH-producing adenomas has led to

their division into several categories. These cat-

egories are based on the immunohistochemical

profile of the tumor cells and ultrastructural
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parameters. GH production is dependent on the

presence ofthe transcription factor Pit-1, and most

ofthese tumors contain nuclear immunoreactivity

for this protein as well as for GH (42). In general,

GH-producing tumors also contain immunoreac-

tive a-subunit, as do nontumorous somatotrophs

(87,112,120,132). Pure somatotroph adenomas

have been subclassified into densely and sparsely

granulated variants (81,88). However, many GH-
producing adenomas are also immunoreactive for

prolactin; this phenomenon is being recognized

with increasing frequency, probably due to im-

proved methodologies. In the normal gland,

bihormonal cells that produceGH and PRL as well

as a-subunit are known as mammosomatotrophs.

The mammosomatotroph is a cell type that has

been recognized to fluctuate: it is thought to be

capable of altering its behavior and hormonal ac-

tivity to become a monohormonal somatotroph or

lactotroph and probably can revert to a pluri-

hormonal state (68). The fluidity of this cell type

explains why many GH-producing pituitary ad-

enomas are immunoreactive for PRL. Initially,

such tumors were classified as mammosomato-
troph adenomas and were described as being

composed of a single population of plurihormo-

nal cells capable of producing GH, PRL, and

a-subunit. Other tumors were identified by elec-

tron microscopy as containing individual tumor
cell populations with distinct features ofdifferen-

tiated somatotrophs and lactotrophs and were

classified as mixed somatotroph-lactotroph ade-

nomas. However, sophisticated techniques, such

as ultrastructural immunocytochemistry, in situ

hybridization, tissue culture, and molecular

analysis (41,95,101,136) have shown extensive

overlap between densely granulated somato-

troph adenomas, mammosomatotroph adeno-

mas, and mixed somatotroph-lactotroph adeno-

mas. Therefore, the distinction between these

different tumor types is becoming more difficult.

Since there is no known clinical or pathogenetic

significance in distinguishing these various tu-

mors that produce GH and PRL, a more simplis-

tic approach based on light microscopy and im-

munohistochemistry alone, as detailed below, is

recommended as the most useful.

Densely Granulated Somatotroph Adenoma.
This is the classic acidophilic tumor associated

with acromegaly. The tumors are relatively slow

growing and cause gradual ballooning of the

Figure 3-13

HISTOLOGY OF DENSELY GRANULATED
SOMATOTROPH ADENOMA

This eosinophilic adenoma has a sinusoidal architectural

pattern. Focal nuclear pleomorphism is identified and occa-

sional binucleate cells are seen. The stroma is highly vascular.

sella turcica. They have a trabecular, sinusoidal,

or diffuse histologic pattern (figs. 3-13, 3-14).

Immunohistochemistry shows densely granu-

lated somatotroph cells with relatively strong

uniform immunoreactivity for GH distributed

throughout the cell c}d;oplasm (fig. 3-15). These

tumors often contain a-subunit of the glycopro-

tein hormones (fig. 3-16). They are moderately

positive for low molecular weight C34okeratins in

a perinuclear distribution (fig. 3-17), and char-

acteristically have strong nuclear immunoreac-

tivity for Pit-1 (fig. 3-18) (42).

Ultrastructural examination of densely gran-

ulated somatotroph adenomas reveals cells that

strongly resemble nontumorous somatotrophs

(figs. 3-19, 3-20). The cells are polyhedral or

elongated with spherical euchromatic nuclei

containing conspicuous nucleoli. The C3d;oplasm
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Figure 3-14

HISTOLOGY OF DENSELY GRANULATED
SOMATOTROPH ADENOMA

The tumor cells have abundant eosinophilic granular

cytoplasm. Nuclear pleomorphism is only moderate.

Figure 3-15

IMMUNOHISTOCHEMICAL LOCALIZATION OF
GROWTH HORMONE IN DENSELY GRANULATED

SOMATOTROPH ADENOMA
The majority oftumor cells have abundant immunoreac-

tive growth hormone in their cytoplasm.

Figure 3-16

IMMUNOHISTOCHEMICAL
LOCALIZATION OF a-SUBUNIT
IN DENSELY GRANULATED
SOMATOTROPH ADENOMA
These tumors often contain a-sub-

unit of glycoprotein hormones in scat-

tered tumor cells; the immunoreactiv-

ity is variable but can be very intense

throughout the cytoplasm.
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Figure 3-17

IMMUNOHISTOCHEMICAL LOCALIZATION OF
CYTOKERATINS IN DENSELY GRANULATED

SOMATOTROPH ADENOMA
The tumor cells are moderately positive for low molecular

weight cytokeratins using the Cam 5.2 antibody; the stain-

ing pattern is characteristically perinuclear.

Figure 3-18

IMMUNOHISTOCHEMICAL LOCALIZATION
OF PIT-1 IN DENSELY GRANULATED

SOMATOTROPH ADENOMA
The tumor cells have a strong and monotonous nuclear

immunoreactivity for Pit-1.

Figure 3-19

ULTRASTRUCTURE OF
DENSELY GRANULATED
SOMATOTROPH ADENOMA
The tumor cells resemble non-

tumorous somatotrophs. They have
well-developed rough endoplasmic
reticulum, juxtanuclear Golgi com-
plexes, and numerous round, electron

dense secretory granules.
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Figure 3-20

ULTRASTRUCTURE OF DENSELY GRANULATED
SOMATOTROPH ADENOMA

The juxtanuclear Golgi region is highly developed and
harbors pleomorphic secretory granules.

is abundant and contains well-developed organ-

elles. The rough endoplasmic reticulum is ar-

ranged in parallel stacks, usually at the periph-

ery of the cell. The Golgi complex, composed of

slightly dilated sacculi, is globular and often

harbors forming secretory granules. The cyto-

plasm is almost filled with numerous large

spherical or ovoid, electron dense secretory gran-

ules which usually measure 400 to 500 nm in

diameter (range, 150 to 600 nm).

Sparsely Granulated Somatotroph Adenoma
with Fibrous Bodies. These chromophobic tu-

mors are slightly more common than the acido-

philic form and are thought to be more aggres-

sive, with a faster growth rate than their densely

granulated counterpart (81). They are generally

large at the time of diagnosis and the histologic

pattern is almost always diffuse. Tumor cells

Figure 3-21

HISTOLOGY OF SPARSELY GRANULATED
SOMATOTROPH ADENOMA

The sparsely granulated somatotroph adenoma is char-

acterized by marked cellular pleomorphism. The tumor cells

have a diffuse architecture and multinucleated cells are

conspicuous. The nuclei tend to be eccentric, pushed to the

periphery of the cell by the fibrous body. The significant

nuclear atypia often raises the question of malignancy but

is not reflective of malignant potential.

display considerable nuclear and cellular pleo-

morphism (figs. 3-21, 3-22) which may raise the

question of malignancy; sometimes the atypia is

suggestive of a metastatic carcinoma. The nu-

clear features, although worrisome, are not pre-

dictive of malignant potential. Immunoreactiv-

ity for GH is variable but is usually faint and

focal (figs. 3-23, 3-24) because positivity in the

sparse secretory granules is not readily detect-

able by light microscopy; strong staining is gen-

erally limited to a juxtanuclear location that cor-

responds to the Golgi area. These tumors are

rarely significantly positive for a-subunit. The

most characteristic immunohistochemical
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Figure 3-22

HISTOLOGY OF SPARSELY
GRANULATED

SOMATOTROPH ADENOMA
Sparsely granulated somatotroph adeno-

mas are composed of cells with chromopho-
bic cytoplasm and only focal eosinophilic

granularity. The tumor cell C3doplasm often

harbors juxtanuclear, pale, eosinophilic

globules that represent fibrous bodies.

Figure 3-23

IMMUNOHISTOCHEMICAL
LOCALIZATION OF GROWTH
HORMONE IN SPARSELY

GRANULATED SOMATOTROPH
ADENOMA

Growth hormone is identified in the major-

ity ofcells in a sparsely granulated somatotroph

adenoma, however, the immunoreactivity is

variable in amount and intensity. The scattered

cells contain strong juxtanuclear staining pat-

terns corresponding to the Golgi complex.

Figure 3-24

IMMUNOHISTOCHEMICAL
LOCALIZATION OF GROWTH
HORMONE IN SPARSELY

GRANULATED
SOMATOTROPH ADENOMA

In this sparsely granulated somatotroph

adenoma, the majority of tumor cells are

immunonegative but scattered cells are im-

munoreactive for growth hormone in the

sparse secretory granules or a juxtanuclear

Golgi complex.
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Figure 3-25

IMMUNOHISTOCHEMICAL LOCALIZATION
OF CYTOKERATINS IN SPARSELY

GRANULATED SOMATOTROPH ADENOMA
Immunostaining with the Cam 5,2 antibody identifies the

characteristic juxtanuclear globular positivity that decorates

fibrous bodies in this tumor. This characteristic immunohis-
tochemical pattern allows recognition of this tumor type.

Figure 3-26

IMMUNOHISTOCHEMICAL LOCALIZATION OF
PIT-1 IN SPARSELY GRANULATED

SOMATOTROPH ADENOMA
Immunostaining for Pit-1 decorates the nuclei of tumor

cells in a sparsely granulated somatotroph adenoma. This

stain allows recognition ofthe nuclear pleomorphism. In this

photograph, a nucleus is indented by a fibrous body, giving

it a “halo” appearance.

marker of this tumor is the globular juxtanuclear

positivity for low molecular weight cytokeratins

(fig. 3-25) in the “fibrous body” that was initially

recognized by electron microscopy (see below).

These lesions usually exhibit nuclear immtmore-

activity for the transcription factor Pit-1 ( fig. 3-26).

Sparsely granulated somatotroph adenomas

have a highly characteristic ultrastructure dis-

tinctly different from that ofnormal somatotrophs

or the densely granulated somatotroph adenoma

(fig. 3-27). The irregular cells show marked vari-

ability in size and shape. They have eccentric

nuclei which are frequently pleomorphic and con-

cave or multilobed. The rough endoplasmic retic-

ulum varies from small, scattered, short profiles

to well-developed parallel stacks and arrays. The

area of the Golgi usually contains the highly

characteristic fibrous body (fig. 3-28), a spherical

accumulation of intermediate filaments known to

be keratin (108,120) and associated with variable

amormts of smooth endoplasmic reticulum. The

filamentous aggregates may trap sacculi of the

Golgi complex as well as other cytoplasmic organ-

elles including centrioles. Secretory granules are

sparse and small, ranging fi"om 100 to 250 nm.

Marnmosomatotroph Adenoma. Bihormonal

adenomas producing GH and PRL are often as-

sociated with acromegaly and are the most fre-

quent cause of gigantism (81). These adenomas

are usually acidophilic tumors with a diffuse or
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Figure 3-27

ULTRASTRUCTURE OF SPARSELY GRANULATED
SOMATOTROPH ADENOMA

The tumor is composed of round to polygonal cells that

contain abundant cytoplasm. There are short profiles of

rough endoplasmic reticulum and some tumor cells have

prominent juxtanuclear Golgi complexes. The hallmark of

this tumor is the fibrous body, a juxtanuclear accumulation

of intermediate filaments associated with rough endoplas-

mic reticulum that traps cytoplasmic organelles. Secretory

granules are sparse and small but electron dense.

solid growth pattern (fig. 3-29). Occasional inter-

spersed chromophobic cells may be seen. The

tumor cells exhibit intense cytoplasmic immuno-
positivity for GH (fig. 3-30) and variable immu-
noreactivity for PRL (fig. 3-31). Most adenomas

also contain the a-subunit of glycoprotein hor-

mones. The pattern of staining for low molecular

weight cytokeratins resembles that ofthe densely

granulated somatotroph adenoma (fig. 3-32), but

occasional fibrous bodies, similar to those of the

sparsely granulated somatotroph adenoma, can

be recognized. Nuclear staining for Pit-1 is usu-

ally strong (fig. 3-33) and some tumor cells are

reactive for estrogen receptor (ER) (136). Occa-

Eigure 3-28

ULTRASTRUCTURE OE SPARSELY GRANULATED
SOMATOTROPH ADENOMA

The fibrous body can indent the nucleus of a sparsely

granulated somatotroph adenoma cell, creating marked nu-

clear pleomorphism. The filamentous aggregate is associ-

ated with smooth endoplasmic reticulum and trapped

cytoplasmic organelles, including secretory granules.

sionally they produce p-TSH and can be associ-

ated with hyperthyroidism and goiter.

The diagnosis may be readily confirmed by elec-

tron microscopy (81,88): the mammosomatotrophs

resemble densely granulated somatotrophs but

have differences in secretory grantole size and mor-

phology (figs. 3-34, 3-35). Secretory granules vary

from ovoid to pleomorphic in shape andmay be very

large, up to 1000nm inmaximum dimension. They

frequently have as3mimetiic mottled cores and

demonstrate the hallmark of PRL secretion, the

misplaced exocytosis. Ultrastmctural immunocy-

tochemistiy localizes both GH and PRL within the

same cell and within the same secretory granules

(fig. 3-36); size and morphology of secretory gran-

ules do not correlate with hormone content.
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Figure 3-29

HISTOLOGY OF MAMMOSOMATOTROPH ADENOMA
This pituitary tumor has a solid or sinusoidal growth

pattern and is composed predominantly of acidophilic cells

with interspersed chromophobes.

Figure 3-30

IMMUNOHISTOCHEMICAL LOCALIZATION OF
GROWTH HORMONE IN

MAMMOSOMATOTROPH ADENOMA
The majority of tumor cells have very strong diffuse

cytoplasmic reactivity for growth hormone.

Figure 3-31

IMMUNOHISTOCHEMICAL
LOCALIZATION OF PROLACTIN
IN MAMMOSOMATOTROPH

ADENOMA
A smaller population of tumor

cells stains for prolactin; the pattem
is usually strong and diffuse through-

out the cytoplasm.

65



Tumors ofthe Pituitary Gland

Figure 3-32

IMMUNOHISTOCHEMICAL
LOCALIZATION OF CYTOKERATINS
IN MAMMOSOMATOTROPH ADENOMA
The cells ofa mammosomatotroph adenoma

are immunoreactive for low molecular weight

cytokeratins using the Cam 5.2 antibody. Usu-

ally the pattern is perinuclear, but occasional

round juxtanuclear globules suggest the pres-

ence of fibrous bodies in some tumor cells.

Eigure 3-33

IMMUNOHISTOCHEMICAL
LOCALIZATION OF PIT-1 IN

MAMMOSOMATOTROPH ADENOMA
The nuclei of tumor cells in a mammo-

somatotroph adenoma stain strongly for Pit-1.

Figure 3-34

ULTRASTRUCTURE OF
MAMMOSOMATOTROPH ADENOMA
The tumor cells resemble densely gi'anu-

lated somatotrophs but have more pleomorphic

secretory granules. They also exhibit misplaced

exocytosis (an'ows), extrusion of secretory ma-
terial along the lateral cell borders, a feature

that is indicative of prolactin secretion.
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Figure 3-35

ULTRASTRUCTURE OF
IVLAMMOSOMATOTROPH ADENOMA

The striking pleomorphism of secretory granules in this

tumor distinguishes it from the densely granulated
somatotroph adenoma.

Figure 3-36

ULTRASTRUCTURAL IMMUNOLOCALIZATION
OF GROWTH HORMONE AND PROLACTIN IN

MAMMOSOMATOTROPH ADENOMA
These bihormonal tumor cells contain growth hormone

(small gold particles) as well as prolactin (large gold particles)

within the same cell and even within the same secretory granule.

In some of these tumors, mature somato-

trophs and lactotrophs may be recognized. These

mixed somatotroph-lactotroph adenomas are

most commonly composed of a densely granu-

lated somatotroph component and a sparsely

granulated lactotroph component (81,88) that

can only be verified by electron microscopy.

In vitro, these adenomas usually release GH,
PRL, and a-subunit; the bihormonal nature of

individual tumor cells is demonstrated with the

reverse hemolytic plaque assay (98). Parallel re-

sponses ofhormone release to GRH or TRH stim-

ulation and to bromocriptine or somatostatin in-

hibition indicate co-regulation of the three

hormones (41 ). The inverse relationship between

GH and PRL secretion in long-term cultures of

human pituitary adenomas from acromegalic pa-

tients suggests that low cortisol levels may in-

duce a shift in secretion to PRL ( 100).

Morphologic Effects ofDrugs and Hormones.

The morphologic alterations induced by various

hormonal substances have been reported in GH-
producing adenomas of all types. Short-term ex-

posure to GRH in vitro causes rapid degranula-

tion of densely granulated adenomas (99); after

chronic exposure to GRH, the cytoplasmic volume

densities of the synthetic organelles, rough endo-

plasmic reticulum, and Golgi complex are in-

creased, reflecting increased hormone synthesis,

and that of secretory granules is reduced, reflect-

ing rapid release ofGH (84). In contrast, there are

no consistent morphologic alterations induced by

somatostatin or its long-acting analogue SMS 201-

995 (octreotide) (62). No alteration of synthetic
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Figure 3-37

SOMATOSTATIN-TREATED SOMATOTROPH ADENOMA
This densely granulated somatotroph adenoma was exposed to octreotide therapy preoperatively. The tumor exhibits a

marked prominence of lysosomes and there is crinophagy, uptake of secretory granules by complex lysosomes. This feature

has been suggested to reflect intracellular degradation of stored hormone due to inhibition of hormone release by the drug.

organelles is seen; this supports the finding that

somatostatin does not reduce GH mRNA levels

(78). There have been reports of increases in lyso-

somes in some cases both in vivo (71) and in vitro

(40 ), suggesting intracelltdar degradation ofstored

hormone that may result from reduced GH release

(fig. 3-37). Octreotide has not been reported to

reduce tumor cell size in a consistent fashion, but

in some cases it causes preoperative tumor mass

reduction that eases surgical resection (fig. 3-38)

(63); there seems to be an increase in perivascu-

lar and interstitial fibrosis in adenomas preop-

eratively exposed to somatostatin analogue (62).

Differential Diagnosis. The diagnosis of pi-

tuitary adenoma is generally confirmed clini-

cally, biochemically, and radiologically prior to

surgical exploration of the sella and resection of

adenohypophysial tissue. However, there are pa-

tients with clinical evidence ofGH excess who do

not have detectable adenohypophysial pathology

radiologically orwho have evidence ofdiffuse sellar

enlargement without a focal tumor. This clinical

scenario raises the possibility of an ectopic

source of hormone excess: either ectopic produc-

tion of growth hormone or production of hor-

mones that can stimulate pituitary growth hor-

mone secretion, with or without associated

adenohypophysial hyperplasia.

Ectopic secretion of GH is rare, and has been

convincingly associated with acromegaly in only a

single pancreatic endocrine carcinoma (61). How-

ever, the clinical s5mdrome of acromegaly is now
recognized to be caused by ectopic secretion of

GH-releasing hormone (GRH). Whereas the pres-

ence ofirmmmoreactive GRH is not rmcommon in

endocrine tumors, fi^ank acromegaly due to ectopic

GRH production is rare and only approximately

40 cases of acromegaly secondary to ectopic GRH
hypersecretion have been described (66,119); the

majority ofthese neoplasms have been pancreatic,

pulmonary, or gastrointestinal endocrine tumors,

with the rare pheochromocytoma (119). The diag-

nosis of acromegaly caused by a GRH-producing

tumor is based on biochemical findings because
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Figure 3-38

RADIOGRAPHIC APPEARANCE OF A DENSELY GRANULATED SOMATOTROPH ADENOMA
BEFORE AND FOLLOWING OCTREOTIDE THERAPY (MRI, T1 WEIGHTED)

There is asymmetric involution of the tumor with reduction in overall size and relief of pressure on the optic chiasm.

(Courtesy of Dr. S. Ezzat, Toronto, Canada.)

the clinical phenotype is usually indistinguish-

able from acromegaly of pituitary origin. The
diagnosis is particularly complex because sellar

radiography is abnormal in both situations. How-
ever, the adenohypophysial pathology in primary

pituitary acromegaly is usually that of a discrete

adenoma unassociated with hyperplasia. In con-

trast, patients with ectopic GRH secretion dis-

play the full spectrum from somatotroph hyper-

plasia (130) to adenomatous transformation

arising in the background ofhyperplasia f 119) ( see

chapter 11). The duration and intensity of expo-

sure to GRH may be responsible for the presenta-

tion. The acromegaly may be associated with

hyperprolactinemia, consistent with the stimula-

tion ofPRL secretion by GRH and the presence of

lactotroph hyperplasia noted in the pituitaries of

these patients. A paradoxical GH response to thy-

rotropin-releasing hormone (TRH) may be ob-

served in patients with tumoral GRH production

as it is in those with GH-producing pituitary

adenomas (66). These patients usually do not

exhibit an in vivo GH response to GRH provoca-

tion (73,121); this is not surprising, since the

small dose of exogenous GRH would not signifi-

cantly increase an already high level of circulat-

ing GRH. Elevation of circulating GRH levels is

diagnostic of the condition. A reduced GH re-

sponse to GRH has been reported in patients

harboring adenomas with Gs mutations (124)

but may also reflect GRH receptor down-regula-

tion which has been documented in vitro in pitu-

itary somatotroph adenomas (84,126) and non-

tumorous somatotrophs (60).

Hypothalamic neuronal tumors producing

GRH may be associated with acromegaly (see

chapter 5). These rare lesions present as a sellar

mass that mimics a simple pituitary GH-produc-

ing pituitary adenoma or may involve the hypo-

thalamus; microscopic examination reveals a

gangliocytoma associated with a pituitary ade-

noma in most cases (43,51,96,115).

Prognosis and Therapy. The local effects of

tumor growth may cause adenohypophysial insuf-

ficiency resulting in headache, nausea and vomit-

ing, and cranial nerve lesions. The insulin-antag-

onistic effects of GH lead to diabetes mellitus in

patients with somatotroph adenoma. Patients

with chronic GH excess develop hypertension that

leads to cerebrovascular disease, cardiomyopa-

thy, severe coronary artery disease, congestive

heart failure, and early death. They also have a

higher incidence ofmalignancy, including colonic

polyps and carcinomas, and breast carcinomas,

than the general population ( 105,107 ).

Although there have been occasional reports

of spontaneous remission of acromegaly due to

hemorrhage and infarction of the tumor (69),
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these are rare occurrences and most patients

require therapy. The primary objectives in treat-

ing acromegaly are to relieve the hypersomato-

tropic state and its complications, and to remove

or relieve the compressive effects of the mass
without compromising other pituitary function.

Three major therapeutic modalities are avail-

able: surgery ( 118), drug therapy (69), and irra-

diation (58,69,135). Regardless of the approach

it is important to recognize that cure is often

difficult to achieve. Partial fulfillment repre-

sents control of the disease.

Surgery constitutes the primary form of treat-

ment for most patients with acromegaly. Trans-

sphenoidal adenomectomy is preferred hut a suh-

frontal approach is sometimes necessary for

patients with tumors demonstrating extensive

suprasellar or parasellar extension. In several

clinical studies, rapid normalization of blood GH
level was accomplished in more than 60 percent of

patients and in more than 90 percent with small

to medium-sized tumors (70,94,102,117,122). The
frequency of surgical success, however, is closely

correlated to the size and degree ofinvasiveness of

the tmnor, as well as to surgical expertise. The
results with large tumors are worse and tumors

with evidence ofinvasion also have poor long-term

results ( 72,94). In a worldwide review of1366 cases

of acromegaly managed by transsphenoidal sur-

gery, a modest criterion ofcure (GH level <10 pg/L

)

was achieved in only 50 percent of patients (118).

Significant complications, including diabetes in-

sipidus and cerebrospinal fluid leakage, oc-

curred in approximately 5 percent of patients.

Delayed relapse has been reported in patients

who retain abnormal GH dynamics on provoca-

tive testing postoperatively (38,39,122).

The relatively low surgical correction rate in

patients with large or invasive tumors suggests

that treatment to decrease tumor size prior to

surgery would be appropriate. Approximately 20

percent of subjects respond to dopaminergic

drugs, such as bromocriptine or lisuride, which

lower blood GH levels and reduce signs and symp-

toms of active disease ( 110); however, IGF-1 levels

are normalized in only 10 percent of patients.

Many patients report subjective improvement in

clinical symptoms with dopaminergic treatment

(76,83,89,92,125) yet do not demonstrate objec-

tive reduction in GH/IGF-1 levels. An elevated

serum PRL level portends a favorable GH re-

sponse to bromocriptine, consistent with the in

vitro response of bihormonal tumors (41). Nev-

ertheless, tumor shrinkage during therapy is not

a constant feature of this treatment (83).

Results have been more encouraging with oc-

treotide (Sandostatin), a synthetic octapeptide

analogue of somatostatin which resists enzy-

matic degradation and has an extended half life

(47,64,65,74,104,134). A number of reports have

shown that this substance is capable of reducing

blood GH levels in the majority of acromegalic

patients (45,46,53,80,90,93). MeanGH levels de-

cline significantly (by more than 25 percent) in

70 percent ofsubjects, usually within 30 minutes

of subcutaneous octreotide administration and

maximal suppression is reached within 2 hours

( 65 ). However, GH levels often begin to rise by the

7th hour of drug administration, necessitating

frequent injections or continuous subcutaneous

infusion by pump (54,77). Rapid and significant

improvement in most clinical features is noted;

excessive perspiration, soft tissue swelling, fa-

tigue, arthralgias, acne, and headaches improve

in 50 to 75 percent of octreotide-treated patients

with acromegaly ( 128). Headaches are frequently

reported to improve within minutes of analog

administration while other symptoms resolve

within weeks (64,65,75,116). Cardiovascular

function may improve within 3 months of treat-

ment (52,97). The use of this analog is of partic-

ular benefit to those patients with persistently

nonsuppressible GH levels and elevated IGF-1

levels following pituitary surgery or after radio-

therapy until radiation effects are noticeable. It

may also constitute primary therapy for those who
decline or cannot tolerate surgery or irradiation.

Despite the rapid response of headaches to

this medical therapy, tumor shrinkage is a con-

troversial issue; a few authors have indicated

that some tumors do reduce in size and therefore

preoperative therapy may improve the results of

surgery (45,46), however, in the majority of re-

ports tumor shrinkage is not a prominent fea-

ture (80,93). When it occurs, it is rapid (within

weeks) and may be reversible after drug with-

drawal (44,65). The degree of size reduction is

usually modest. While some earlier reports have

suggested that this effect may facilitate surgical

removal and improve outcome (46,63 ), this ques-

tion remains to be resolved.
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The importance of morphologic diagnosis in

predicting response to therapy is emphasized in

this area. The variable morphologic appearance

of GH-producing pituitary adenomas correlates

with their response to octreotide: densely granu-

lated adenomas exhibit an enhanced reduction of

GH levels compared to sparsely granulated

somatotroph adenomas (63). Interestingly, the

densely granulated tumors are also thought to be

the group ofadenomas with activating mutations

of Gsa and high basal adenylyl cyclase levels

(124) (see Pathogenesis of Pituitary Adenomas).

Radiation wdth either conventional X-ray high

voltage photons or heavy particles has been used

to treat acromegaly (56,58,135). Pituitary im-

plantation of radioactive yttrium (90Y) is a pro-

cedure that has been used in Europe wdth vari-

able success (114). These procedures generally

result in decreased plasma GH levels but fre-

quently have more severe side effects including

late h3q)opituitarism, empty sella syndrome, vi-

sual impairment due to optic pathway damage,

and temporal lobe epilepsy. GH hypersecretion

may continue due to extension of the tumor into

areas that are difficult to reach with a sufficient

dose of radiation. These therapies are generally

suitable for elderly patients and those who are

poor candidates for surgery or anesthesia; they

are also used for patients who have had unsuc-

cessful pituitary surgery or medical therapy

(57,58). The results achieved by all forms of

irradiation are highly comparable and are

mainly limited by their slow onset of action.

PITUITARY ADENOMAS
CAUSING PROLACTIN EXCESS

Clinical Features. Although PRL was not

discovered as a human hormone until 1971 (151,

167), the association of amenorrhea and galactor-

rhea dates back to 1855 when Chiari and col-

leagues reported two cases of puerperal atrophy of

the uterus with amenorrhea and persistent lacta-

tion (140). The S5Tidrome was redescribed in 1882

by Frommel ( 147), in 1932 by Ahumada and del

Castillo (137), and in 1953 by Argonz and del

Castillo (137a). Forbes and her associates (146)

were the first to suggest that the syndrome char-

acterized by galactorrhea, amenorrhea, and low

levels of urinary follicle-stimulating hormone
(FSH) might be associated wdth a pituitary tumor,

however, only 25 percent ofpatients were recognized

to have such tumors at the time. After the discovery

of PRL, the use of radioimmimoassay confirmed

that serum levels were elevated in many patients

who were thought to harbor “functionless” pituitary

tumors (150,171). It is now recognized that pro-

lactinomas represent approximately 25 percent of

surgically removed pituitary adenomas (163) and

nearly 50 percent of pituitary tumors in autopsy

series (141,164,169,174); the lower prevalence in

surgical material is likely due to successful nonsur-

gical management with dopaminergic agonists.

Lactotroph adenomas present most frequently

wdth galactorrhea and ovulatory disorders in

women (140,150,153,173,182). The galactorrhea

may be unilateral or bilateral, continuous or in-

termittent, free flowing or expressible. A signifi-

cant number of patients wdth striking hyperpro-

lactinemia present only wdth amenorrhea (140).

Some patients have less severe ovulatory disorders

such as luteal phase defects and disorders of

folliculogenesis. Although most lactotroph adeno-

mas occur in adults, occasionally primary amenor-

rhea and delayed pubertymay be attributed to the

development of a lactotroph adenoma in youth.

In surgical material, lactotroph adenomas are

less common in men, in whom hyperprolactinemia

results in decreased libido and impotence (163).

Interestingly, there is no sex-related difference in

autopsy series, and the prevalence in women in

surgical series probably reflects their greater

awareness of the sequela. Women generally

present at a yormger age and tend to have micro-

adenomas; men present at older ages wdth larger

tumors that cause visual field abnormalities and

hypopitintarism due to pituitary tissue destruc-

tion (149); rarely they may have galactorrhea

(182). The serum concentration of PRL correlates

wdth tumor size (153); because women generally

present wdth smaller tumors, their serum PRL
levels are not as high as those ofmen (171).

Some lactotroph microadenomas do not grow
and cause only mild symptoms. Some experts

advocate clinical surveillance of these patients

and suggest therapy only if the symptoms are

bothersome. However, many patients require

treatment of amenorrhea, infertility, and persis-

tent galactorrhea, and prolonged estrogen defi-

ciency may result in vaginal complications and
osteopenia. Large invasive tumors can cause the

complications of a parasellar mass.
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Figure 3-39

RADIOGRAPHIC APPEARANCE
OF PROLACTINOMA
(MRI, T1 WEIGHTED)

This patient with amenorrhea and
galactorrhea has a microadenoma detect-

able as a small hypointense mass on the

left, resulting in asymmetry of the pitu-

itary. Notice the normally enhancing pi-

tuitary gland on the right after gadolin-

ium administration.

Occasional patients with a lactotroph ade-

noma have subtle acromegalic features, however,

elevation of blood GH may not be documented.

Nevertheless, their tumors produce PRL and GH.
Clinicopathologic correlations have implicated

the unusual and aggressive tumor known as acid-

ophil stem cell adenoma as the cause of hyper-

prolactinemia with “fugitive acromegaly” (157,

158,163). These adenomas must be distinguished

from the usual lactotroph adenomas because of

their propensity grow aggressively and recur.

Biochemical Findings. The dominant
chemical abnormality in patients with lactotroph

adenomas is the marked elevation ofserum PRL
levels. On a single measurement, elevated serum

PRL levels that are not over 250 ng/ml are not

diagnostic. PRL has a sleep-entrained secretory

pattern with elevated levels in the early morn-

ing. Many physiologic events can trigger the

release of this hormone including stress, food

intake, physical activity, pregnancy, lactation,

nipple stimulation, and female orgasm. Pharma-
cologic agents including dopamine receptor ago-

nists ( phenothiazines, metoclopramide), tricyclic

antidepressants, reserpine, estrogens, opiates,

and cimetidine can elevate serum PRL (153).

Other pathologic causes of hyperprolactine-

mia include hypothalamic diseases and interrup-

tion ofthe pituitary stalk which prevent the tonic

dopamineric inhibition of pituitary lactotrophs.

Systemic disorders, such as h3rpoth3Toidism and
chronic renal failure, cause hyperprolactinemia;

determination of thyroid and renal function are

therefore indicated in the evaluation of persis-

tent hyperprolactinemia. In compensated hypo-

th5Toidism, thyroxine levels may be low to nor-

mal but blood TSH and PRL levels are elevated.

This may be accompanied by pituitary hyperpla-

sia which can mimic a lactotroph adenoma. These

abnormalities usually all regress with thyroid hor-

mone replacement. Idiopathic lactotroph hyper-

plasia is a rare cause of hyperprolactinemia; it is

difficult to distinguish from prolactinoma chnically

(160,175) and may even be associated with supra-

sellar extension of the gland (175).

The most commonly used diagnostic test to

distinguish hyperprolactinemia due to a lacto-

troph adenoma from hyperprolactinemia of other

causes is theTRH stimulation test ( 17 1 ). Innormal

persons, TRH induces an elevation of serum PRL
to at least double basal values. Approximately 80

percent ofpatients with lactotroph adenoma have

either no rise or a blunted increase in PRL levels

with this test. Patients with hyperprolactinemia

due to other causes, however, may also have an

abnormal result on provocative testing.

Radiologic Findings. Because lactotroph ad-

enomas in women are frequently microadenomas,

they may be associated with normal skull X rays

or with only subtle asymmetry of the pituitary

fossa. High resolution CT with or without contrast

orMRI reveals small tumors in most patients with

hyperprolactinemia and normal skullX rays ( fig.

3-39). Although it has been suggested that some
of the small abnormalities found on scans may
represent only artefact, in patients with a blood
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Figure 3-40

HISTOLOGY OF SPARSELY GRANULATED
LACTOTROPH ADENOMA

This sparsely granulated lactotroph adenoma has a char-

acteristic papillary architecture, forming pseudorosettes

around vascular channels. The tumor cells are crowded and
have pale eosinophilic to chromophohic cytoplasm. The nu-

clear morphology is relatively monotonous.

Figure 3-41

HISTOLOGY OF SPARSELY GRANULATED
LACTOTROPH ADENOMA

This sparsely granulated lactotroph adenoma has a more
solid architectural pattern. The tumor cells are generally

chromophohic with relatively bland nuclear morphology and
occasional pseudorosettes around vascular channels.

PRL level greater than 200 ng/mL, they provide

strong evidence of a pituitary adenoma. Patients

with hlood levels lower than that value who have

radiographic evidence of a sizeable pituitary

tumor likely have adenomas that are nonfunc-

tional or produce other substances and the

hyperprolactinemia is attributable to the “stalk

section effect” (150,153,171).

Tumors generally present later in men than

women because the symptoms are more subtle.

The tiimors are generally larger and there may be

radiologic evidence ofsuprasellar extension as well

as compression or invasion of adjacent structures.

Gross Findings. Microadenomas are fre-

quently formd in young women and are usually

located in the lateral portions of the gland where

lactotrophs are most numerous ( 163 ). Some ofthe

tumors are expansile, compressive lesions; many
have a microinvasive pattern without a well-de-

fined capsule. Macroadenomas can be widely in-

vasive of local structures, extending into dura.

sinuses, and bone; they can present as nasal

masses or undetected large tumors that result in

death due to destruction of hypothalamic struc-

tures or obstruction of the third ventricle.

These pituitary adenomas vary from soft, red,

friable lesions to firm grayish white tumors that

have abundant fibrous or amyloid stroma. Occa-

sionally they contain gritty calcifications that

represent psammoma bodies.

Microscopic Findings. Lactotroph adeno-

mas are recognized to have two variants, analo-

gous to the two types of somatotroph adenomas

(156,163), however, sparsely gi’anulated tumors

comprise the overwhelming majority.

Sparsely Granulated Lactotroph Adenomas.

These common adenomas are usually chromo-

phobic with conventional histologic techniques.

They exhibit a wide variation in architecture:

some tumors are trabecular or papillary (fig. 3-

40 ), others are composed of solid sheets ( fig. 3-4 1 ).

There may be a slight cytoplasmic basophilia
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Figure 3-42

HISTOLOGY OF SPAKSELY GRANULATED
LACTOTROPH ADENOMA: FIBROSIS

Sparsely granulated lactotroph adenomas often exhibit

fibrous stroma.

Figure 3-43

HISTOLOGY OF SPARSELY GRANULATED
LACTOTROPH ADENOMA: PSAMMOMA BODIES

Sparsely granulated lactotroph adenomas may form

psammoma bodies, adding meningioma to the differential

diagnosis. This tumor also exhibits a fibrous stroma.

attributable to abundant rough endoplasmic retic-

ulum rich in RNA. Occasionally, the stroma is

fibrous ( figs. 3-42, 3-43). Calcificationmay take the

form ofpsammoma bodies (fig. 3-43) or may be so

extensive as to form a “pituitary stone” (fig. 3-44).

The reason for this phenomenon and its preferen-

tial occurrence in lactotroph adenomas is not cer-

tain (168), however, it is important to distinguish

these tumors fi^om other parasellar tumors that

calcify, such as meningiomas. Occasionally, lacto-

troph adenomas produce endocrine amyloid that

stains with Congo red (fig. 3-45) and has apple

green birefringence with polarized fight (fig. 3-46).

By immunohistochemistry, positivity for PRL
is intense in a juxtanuclear globular structure

which corresponds to the Golgi complex (fig.

3-47). The tumor cells may exhibit nuclear posi-

tivity for Pit-1 (fig. 3-48) and for the estrogen

receptor (ER) (139,184). They almost never stain

for other adenohypophysial hormones; rarely,

they may contain a-subunit (152).

The ultrastructural features of sparsely gran-

ulated lactotroph adenomas are distinctive. The

cells resemble stimulated nontumorous lacto-

trophs (figs. 3-49, 3-50). They have large, euchro-

matic nuclei with prominent nucleoli. The C340-

plasm is almost totally occupied by parallel arrays

of rough endoplasmic reticulum; Nebenkem for-

mations, concentric whorls of rough endoplasmic

reticulum membranes, are common. The Golgi

complex is well developed and frequently con-

tains immature granules which may be very

pleomorphic in shape and electron density. Stor-

age granules, which are sparse, vary from 150 to

300 nm in diameter and are generally spherical.

One ofthe characteristics ofPRL secretion in these
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Figure 3-44

HISTOLOGY OF SPARSELY
GRANULATED LACTOTROPH
ADENOMA: PITUITARY STONE

This sparsely granulated lactotroph ade-

noma has undergone extensive calcification.

Residual psammoma bodies are recognized

but the calcification has become so extensive

as to form an almost solid, calcified, stone-

like tumor. The residual tumor cells have
chromophobic cytoplasm.

Figure 3-45

HISTOLOGY OF SPARSELY
GRANULATED LACTOTROPH

ADENOMA: AMYLOID
This sparsely granulated lactotroph ade-

noma forms endocrine amyloid which stains

with Congo red. Solid deposits of amyloid are

recognized and individual tumor cells have
ballooned cytoplasm filled with amyloid.

Figure 3-46

HISTOLOGY OF SPARSELY
GRANULATED LACTOTROPH

ADENOMA: AMYLOID
Polarized light reveals the characteristic

green birefringence ofamyloid in this section

stained with Congo red, corresponding to

figure 3-45.
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Figure 3-47

IMMUNOHISTOCHEMICAL LOCALIZATION
OF PROLACTIN IN SPARSELY

GRANULATED LACTOTROPH ADENOMA
The immunohistochemical pattern of staining for prolac-

tin in sparsely granulated lactotroph adenomas is diagnos-

tic. These tumors have juxtanuclear dot-like positivity cor-

responding to the Golgi complex. Stored secretory granules

are sparse, therefore cytoplasmic staining is not diffuse.

and other PRL-producing tumors is the presence

of granule extrusions along the lateral cell bor-

ders into the extracellular space; this diagnostic

feature is known as “misplaced exocytosis.”

Densely Granulated Lactotroph Adenoma.

This very rare adenoma is a more acidophilic

tumor (fig. 3-51), with intense diffuse positivity

for PRL throughout the cell cytoplasm (fig. 3-52).

The cells strongly resemble resting nontumor-

ous lactotrophs. Their ultrastructure is that of a

densely granulated cell with less abundant
rough endoplasmic reticulum than in the

sparsely granulated counterpart. The cells also

contain well-developed Golgi complexes that

often harbor pleomorphic, highly electron dense

Figure 3-48

IMMUNOHISTOCHEMICAL LOCALIZATION
OF PIT-1 IN SPARSELY

GRANULATED LACTOTROPH ADENOMA
Prolactin-producing adenomas exhibit nuclear positivity

for Pit-1.

forming granules. The numerous secretory gran-

ules within the cytoplasm are spherical and elec-

tron dense, measuring up to 700 nm in diameter.

The largest granules frequently have a mottled

appearance. Misplaced exoc3d;osis may be recog-

nized in this tumor type as well.

Acidophil Stem Cell Adenoma. Rarely, patients

with h3q)erprolactinemia have minor symptoms or

biochemical evidence of GH excess. This cfinical

phenomenon is associated with an unusual PRL-

immunoreactive adenoma containing faint or focal

GH immunoreactivity, and peculiar mitochondrial

changes. The acidophil stem cell adenoma is a chro-

mophobic or slightly acidophilic tumor with diffuse

histologic architecture (fig. 3-53); the acidophilia

is attributable to mitochondrial accumulation,

considered to be a form of oncocytic change (fig.
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Figure 3-49

ULTRASTRUCTURE OF SPARSELY
GRANULATED LACTOTROPH ADENOMA

The cells of a sparsely granulated lactotroph adenoma
are elongated and exhibit some degree ofpolarity. At one pole

of the cell, rough endoplasmic reticulum is well formed.

Juxtanuclear Golgi complexes are large and extremely well

developed. Secretory granules are sparse and these tumors

exhibit a characteristic feature, “misplaced exocytosis,”

which is extrusion of secretory material at the lateral cell

borders (arrows).

3-54). Even in the absence of clinical evidence of

GH production by a prolactinoma, the presence

of oxyphilia should raise suspicion of this aggres-

sive tumor. Clear cytoplasmic vacuoles may be

recognized on histologic examination (fig. 3-55);

these correspond to giant mitochondria. Immuno-
histochemistry documents predominant positivity

for PRL (fig. 3-56), but not in the usual juxta-

nuclear dot-like pattern of the common sparsely

granulated lactotroph adenoma (contrast with fig.

3-47
),
and occasionally there is scant positivity for

GH (fig. 3-57). In some tumors, GH immunoreac-

tivity cannot be demonstrated by light microscopy.

These tumors contain scattered fibrous bodies.

Figure 3-50

ULTRASTRUCTURE OF SPARSELY
GRANULATED LACTOTROPH ADENOMA

Sparsely granulated lactotroph adenoma cells have paral-

lel arrays of well-developed rough endoplasmic reticulum,

highly developed Golgi complexes, and sparse secretory gran-

ules that are highly variable in size and shape. Misplaced

exocytosis is conspicuous (arrow).

identified as juxtanuclear whorls of low molecu-

lar weight cytokeratins (fig. 3-58).

This rare tumor has a distinctive and diagnostic

ultrastructure (figs. 3-59, 3-60) and electron micro-

scopy is usually required to confirm the diagnosis

when it is suspected by light microscopy. Within

irregular elongated cells that have ovoid or irreg-

ular nuclei, the mitochondria are numerous and

often enlarged, forming unique giant mitochondria

with loss of cristae and harboring electron dense

tubular structures. Rough endoplasmic reticulum

and Golgi complexes are moderately developed.

The tumor cells contain fibrous bodies in a juxta-

nuclear location, identical to those of sparsely

granulated somatotroph adenomas. In addition,

they display the misplaced exocytosis seen in
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Figure 3-51

HISTOLOGY OF DENSELY
GRANULATED

LACTOTROPH ADENOMA
The densely granulated lactotroph ade-

noma is a rare tumor that resembles
sparsely granulated tumors but has more
cytoplasmic acidophilia.

Figure 3-52

IMMUNOHISTOCHEMICAL
LOCALIZATION OF PROLACTIN
IN DENSELY GRANULATED
LACTOTROPH ADENOMA

This tumor has diffuse and intense immu-
noreactivity for prolactin throughout the tumor

cell cytoplasm, in contrast to the characteristic

juxtanuclear staining pattern of the sparsely

granulated variant oflactotroph adenoma.

lactotrophs. The secretory granules are sparse

and small, measuring 150 to 200 nm.

Tissue culture studies have documented re-

lease of small quantities of GH as well as PRL
by these tumors (138).

Morphologic Effects ofDrugs and Hormones.

The administration of dopamine agonists such as

bromocriptine results in striking morphologic

changes accompanied by a dramatic clinical re-

sponse ( 165). Most patients with lactotroph adeno-

mas have striking and rapid reduction of serum

PRL levels when therapy is initiated, and within

days to weeks, there is symptomatic and radiologic

evidence of tumor shrinkage. Histologically, the

changes can evoke diagnostic problems. The tu-

mors become more cellular due to marked
shrinkage in cell size, predominantly affecting the

tumor cell C3doplasm (figs. 3-61, 3-62); ultrastruc-

tural analysis has confirmed a marked reduction

in the density ofthe C3doplasmic volume ofrough

endoplasmic reticulum and Golgi complexes (fig.

3-63) (180). The nuclei become markedly irregu-

lar and heterochromatic. In some cases, the

number of secretory granules increases, but the

size and number of secretory granules are not

usually significantly altered and granule extru-

sions may still be recognized. There is often

associated perivascular and interstitial fibrosis

(figs. 3-61, 3-64); occasionally there is evidence

of hemorrhage (fig. 3-64). These changes can
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Figure 3-53

HISTOLOGY OF ACIDOPHIL
STEM CELL ADENOMA

This slightly acidophilic tumor generally

exhibits a diffuse solid architectural pattern

and, like the lactotroph adenoma, may form
pseudorosettes around vascular channels.

Figure 3-54

HISTOLOGY OF ACIDOPHIL
STEM CELL ADENOMA

The tumor cells have pale acidophilic cy-

toplasm with granularity, attributable to

oncocytic change. The nuclear morphology of

this tumor type is more pleomorphic than in

well-differentiated lactotroph adenoma.

Figure 3-55

HISTOLOGY OF ACIDOPHIL
STEM CELL ADENOMA

The acidophilic granular cytoplasm due to

mitochondrial accumulation often exhibits a

large clear vacuole that corresponds to a giant

mitochondrion seen by electron microscopy.
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Figure 3-56

IMMUNOHISTOCHEMICAL
LOCALIZATION OF PROLACTIN IN
ACIDOPHIL STEM CELL ADENOMA
Immunostaining reveals prolactin posi-

tivity in these tumors. The pattern is vari-

able: there may be juxtanuclear staining

similar to that seen in lactotroph adenomas
or, as in this case, diffuse cytoplasmic reac-

tivity may be more prominent.

Figure 3-57

IMMUNOHISTOCHEMICAL
LOCALIZATION OE GROWTH
HORMONE IN ACIDOPHIL
STEM CELL ADENOMA

Occasionally, scattered cells in an acidophil

stem cell adenoma exhibit immunoreactivity

for growth hormone. This is generally weak.

Figure 3-58

IMMUNOHISTOCHEMICAL
LOCALIZATION OF CYTOKERATINS

IN ACIDOPHIL STEM CELL ADENOMA
Immunostaining for low molecular

weight cytokeratins with the Cam 5.2 anti-

body reveals scattered juxtanuclear cyto-

plasmic globules ( arrows) that correspond to

fibrous bodies, similar to those seen in

sparsely granulated somatotroph adenomas.
These are much fewer in the acidophil stem
cell adenoma and careful examination is re-

quired to identify them.
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Figure 3-59

ULTRASTRUCTURE OF ACIDOPHIL
STEM CELL ADENOMA

The cells ofthis tumor have short profiles ofrough endoplas-

mic reticulum, sparse small secretory granules, and numerous
swollen mitochondria, creating an oncocytic appearance.

result in a histologic picture that resembles lym-

phoma and immunohistochemical staining is re-

quired to address this differential diagnosis.

Lack of staining for leukocyte common antigen

(LCA) and the presence ofPRL immunoreactivity

(fig. 3-65), albeit focal or faint, provide guidance

when facing this problem.

The morphologic alterations are usually rap-

idly reversible on termination of the therapy.

Occasionally, a subpopulation oftumor cells may
continue to demonstrate the “bromocriptine ef-

fect” (fig. 3-66), suggesting irreversible inhibi-

tion; the reason for this is not known.

Protracted exposure of these tumors to dopa-

minergic agonists may also result in extensive

fibrosis which may adversely influence the out-

come of subsequent surgery. Tissue culture stud-

Figure 3-60

ULTRASTRUCTURE OF ACIDOPHIL
STEM CELL ADENOMA

The tumor cells in an acidophil stem cell adenoma have
numerous dilated mitochondria. Scattered cells form un-

usual giant mitochondria with double membranes and loss

of cristae and electron dense tubular inclusions.

ies suggest that acidophil stem cell adenomas may
be unresponsive to bromocriptine inhibition ( 138).

Differential Diagnosis. The numerous phys-

iologic and pathologic causes of hyperpro-

lactinemia are discussed above. Many ofthese are

unassociated with a pituitary tumor, or may be

coincidentally associated with an unrelated pitu-

itary tumor; it is therefore critical to prove that a

surgically resected pituitary tumor is responsible

for PRL production. First, the pathologist must

establish the presence of an adenoma with the

reticulin stain in dubious cases. Lactotroph and

thyrotroph hyperplasia are often mistaken for pro-

lactinoma (see Hyperplasias, chapter 11), and

other tumor-like lesions such as inflammatory pro-

cesses (see Inflammatory Lesions, chapter 11 ) can
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Figure 3-61

HISTOLOGY OF BROMOCRIPTINE-
TREATED LACTOTROPH ADENOMA
Following bromocriptine therapy, sparsely

granulated lactotroph adenomas undergo a re-

markable change. The tumor ceU cytoplasm is

markedly reduced and the tumor ceOs are very

small. The nuclei exhibit hyperchromasia. The
stroma is fibrotic. The histologic appearance of

this tumor resembles lymphoma.

Vs'
m3 , %

y #/

-> •

» 'r ,

Figure 3-62

HISTOLOGY OF BROMOCRIPTINE-
TREATED LACTOTROPH ADENOMA
The bromocriptine-treated prolactinoma

(right) is strikingly different than the adja-

cent nontumorous pituitary (left) that is

composed of cells of the usual size. The
treated tumor cells are smaller and mark-
edly increased in density with almost total

reduction of tumor cell cytoplasm.

Figure 3-63

ULTRASTRUCTURE OF
BROMOCRIPTINE-TREATED
LACTOTROPH ADENOMA

Electron microscopy of a bromocriptine-

treated lactotroph adenoma reveals a reduced
cell size with irregular heterochromatic nuclei

and a striking loss ofrough endoplasmic retic-

ulum and Golgi complexes. The scattered se-

cretory granules appear more dense but this

is attributable to a reduction in cytoplasmic

area of other subcellular organelles.
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Figure 3-64

HISTOLOGY OF BROMOCRIPTINE-
TREATED LACTOTROPH ADENOMA:

FIBROSIS AND HEMORRHAGE
This lactotroph adenoma was treated

with bromocriptine prior to surgery. In addi-

tion to cellular involution, there is stromal

fibrosis, and hemosiderin-laden macro-
phages provide evidence of hemorrhage.

Figure 3-65

IMMUNOHISTOCHEMICAL
LOCALIZATION OF
PROLACTIN IN

BROMOCRIPTINE-TREATED
LACTOTROPH ADENOMA

Although this involuted adenoma can

histologically resemble lymphoma, the scat-

tered immunoreactivity for prolactin proves

its true nature.
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Figure 3-66

HISTOLOGY OF
BROMOCRIPTINE-TREATED
LACTOTROPH ADENOMA;
IRREVERSIBLE INHIBITION

This lactotroph adenoma was treated

with bromocriptine but the medication was
stopped more than a year prior to surgery.

Although much of the tumor has resumed
the typical appearance of a sparsely granu-

lated lactotroph adenoma, there is focal re-

sidual cellular involution.
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mimic this disorder, but careful histologic exam-

ination and a reticulin stain will identify these

possibilities. Several plurihormonal pituitary ade-

nomas produce PRL; these include GH-producing

tumors (see Adenomas Causing Growth Hormone
Excess) and unusual plurihormonal tumors (see

Plurihormonal Pituitary Adenomas). Clinically

nonfunctioning pituitary adenomas and any ofthe

other mass lesions described in the various chap-

ters of this text can cause stalk compression and

hyperprolactinemia; the clue to these diagnoses

is the relatively low serum PRL levels that do not

correlate with tumor size.

Ectopic secretion ofPRL has not been ofclinical

significance to date. PRL expression has been de-

tected in endometrium, lymphoc3d;es, and breast

as well as sporadically in other tumors (145,

148,178), however, only rarely has the secretion

given rise to a clinical diagnostic dilemma (154).

Prognosis and Therapy. Some lactotroph

microadenomas do not grow and cause only mild

symptoms (140). Investigators have advocated

only clinical surveillance in these patients and

suggest therapy only if the symptoms are bother-

some. However, many tumors, especially macro-

adenomas, are a serious clinical problem. Un-

treated, they result, in women, in amenorrhea,

infertility, persistent galactorrhea, and estrogen

deficiency which may cause decreased vaginal se-

cretion leading to dyspareunia and severe os-

teopenia with significant debilitation (161,162).

Some women with PRL-secreting tumors have

clinical evidence of androgen excess with hirsu-

tism and acne (171). Tumor growth may extend

suprasellar, giving rise to visual field defects and

even blindness, or extend to the hypothalamus,

resulting in disturbances of temperature regula-

tion, food intake, fluid balance, sleep cycle, behav-

ior, and autonomic nervous system function. Di-

abetes insipidus, somnolence, and hyperphagia

with obesity may be manifestations of extensive

hypothalamic involvement (171). Cranial nerves

may be involved by tumor extension, particularly

the third, fourth, and sixth cranial nerves. In-

volvement of the ophthalmic nerve and maxil-

lary divisions of the fifth cranial nerve lead to

ptosis, diplopia, ophthalmoplegia, and reduced

facial sensation. Extension into the cavernous

sinus can be lethal. Involvement of the temporal

lobe may cause seizures. The frontal lobes may
be infiltrated by tumor, resulting in alterations of

personality and defects in smell. Acute hemor-

rhagic necrosis of the tumor (pituitary apoplexy)

may lead to rapid tumor expansion, severe head-

ache, lethargy, coma, or other signs of increased

intracranial pressure. Without therapy, the tu-

mors may lead to death.

Surgical resection can be undertaken by either

the transsphenoidal or, in the case oflarge tumors,

the transffontal approach (142,143,177). The re-

sults of surgery indicate cure rates as high as 70

to 75 percent. The success ofsurgery in general and

its relative merits compared to a medical approach

are controversial. The variable response to trans-

sphenoidal adenomectomies appears to be influ-

enced by the biologic behavior of the tumor and
the skill ofthe neurosurgeon. While most centers

report postoperative normalization of serum
prolactin in 60 to 80 percent of patients with

microprolactinomas (181), the response rate for

those with macroprolactinomas is considerably

lower and ranges from 0 to 40 percent ( 176). The
second problem with surgical adenomectomy for

prolactinoma is long-term recurrence. Available

data suggest that while surgery is effective in

rapidly debulking large tumors, it is curative in

only a small minority of patients with macroaden-

omas ( 177). Therefore, in patients with macropro-

lactinomas, the relative risks and complications

from surgery must be carefully weighed against

the anticipated benefits. Moreover, after initial

surgical failure, the risk of repeat surgery is

considerably higher (166) and medical manage-
ment is recommended.

Most lactotroph adenomas respond to dopa-

mine agonists such as the ergot alkaloid, 2-bromo-

alpha-ergocryptine mesylate (bromocriptine),

with a rapid fall in serum PRL levels and tumor

shrinkage (179,180). This has revolutionized the

therapeutic approach to patients with prolactin-

omas. Reduction of serum PRL ameliorates the

endocrine symptoms; fertility is rapidly restored

and conception can be achieved. The drug

suppresses PRL gene transcription and causes

cellular involution; shrinkage of tumor is well

documented (fig. 3-67) and the morphologic cor-

relates have been described above. The extent of

shrinkage does not correlate with changes in

blood hormone levels and the resolution ofvisual

field defects can occur prior to radiologic evi-

dence of tumor shrinkage (172). There appears

to be no difference in response rate between
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Figure 3-67

RADIOLOGIC APPEARANCE OF BROMOCRIPTINE-INDUCED TUMOR SHRINKAGE
Left: This prolactin-producing tumor was a macroadenoma with suprasellar extension documented hy CT scan with contrast

enhancement at the time of diagnosis.

Right: After 3 months of bromocriptine therapy, it has significantly reduced in size as shown in this corresponding CT
image. (Courtesy of Dr. S. Ezzat, Toronto, Canada.)

patients with microadenomas and those with

macroprolactinomas; the time taken to achieve

normalization ofPRL, however, may be longer in

the latter group. This drug is now recommended
as a primary treatment modality by some endo-

crinologists who reserve neurosurgery for refrac-

tory situations (172). However, the hormonal

effects and tumor shrinkage are reversible fol-

lowing withdrawal of the medication which is

therefore generally continuous and should be

maintained at the lowest effective dose. New
long-acting dopamine agonists such as bromo-

criptine-LAR (179) or CV 205-502 (155) provide

alternatives for patients who do not tolerate

bromocriptine or are refractory.

Macroadenomas may show only partial re-

sponse to bromocriptine and may require surgery.

Some investigators have found no difference in the

frequency or extent of fibrosis, calcification, PRL
immunoreactivity, or ultimate surgical outcome in

patients pretreated with bromocriptine and those

not so treated (159). Others have found that a

short (2- to 6-week) preoperative course of

bromocriptine increased the efficacy ofsurgery in

patients with larger adenomas (144,183). How-
ever, prolonged exposure to dopamine agonists

may increase fibrous tissue which may adversely

affect the outcome of subsequent surgery.

The acidophil stem cell adenoma appears not to

be suppressible by bromocriptine ( 138) and failure

of dopamine agonist therapy in vivo may suggest

that the patient harbors this tumor type. In gen-

eral, patients with this aggressive and infiltrative

tumor require surgical resection and recun'ence is

not uncommon. Careful surveillance is warranted

for early detection of recun’ence and radiation

therapy is usually indicated for recuiTent tumors.

Small doses of radiation were administered in

past years to patients with lactotroph adenoma.

In general, this therapy has been relegated to

small series of patients who do not respond to

medical and surgical treatments (140). Assess-

ment of the results is difficult, since these are

clearly biased series including only patients with
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the most aggressive tumors. As sole treatment,

it is rarely effective. A response is often not seen

for months to years (170). The complications of

radiation include optic nerve and chiasmatic in-

jury, brain necrosis, hypopituitarism, and sar-

coma formation. Proton radiosurgery using open

or stereotactic techniques has also been used,

particularly for older, surgically unfit patients;

morbidity has been lower and cure rates better

than those with low-dose radiation ( 140).

PITUITARY ADENOMAS CAUSING
THYROTROPIN EXCESS

Clinical Features. The most common cause

of hyperth3Toidism is Graves’ disease, diffuse

thyroid hyperplasia caused by the autoimmune
production of thyroid-stimulating immunoglob-

ulins. Rarely, hyperthyroid patients have ele-

vated levels ofTSH due to a pituitary th3rrotroph

adenoma; these neoplasms represent less than 1

percent of pituitary tumors (192). The differen-

tial diagnosis includes patients who have pitu-

itary resistance to thyroid hormone without an

overt pituitary tumor (189), as well as the rare

patient with ectopic TSH production. Clearly the

management of these entities differs signifi-

cantly and detailed biochemical and radiologic

investigation is indicated to estabUsh the cause

of the TSH excess. In the investigation of pa-

tients with hjqjerthyroidism, primary thyroid

disease causing hyperthyroidism should result

in imdetectableTSH levels; any elevation ofTSH
into the measurable range is inappropriate.

Pituitary-dependent TSH excess may also be

associated with hypothyroidism (192,195). These

patients most frequently have longstanding pri-

mary hypoth3Toidism which induces hypersecre-

tion of TSH, secondary hyperplasia of pituitary

thyrotrophs and even thjrrotroph adenoma ( 199).

In some patients, the TSH excess is associated

with galactorrhea and h5q)erprolactinemia due
to lactotroph hyperplasia; in these instances, the

disorder may mimic a lactotroph adenoma ( 193).

The sella turcica is usually enlarged and there

may be signs ofcompression of the optic chiasm.

Patients with thyrotroph adenoma may pres-

ent with symptoms of a mass lesion which ap-

pears to be nonfunctioning (200). Most patients

have diffuse goiters although some have normal-

sized glands (200,201). They generally do not

have proptosis which is usually associated with

Graves’ disease.

Biochemical Findings. The TSH level is

usually elevated and not suppressible in patients

with this neoplasm, however, some patients have

no evidence ofTSH h3rpersecretion. Elevation ofthe

a-sub\mit is frequently foimd in patients withTSH-
secreting tumors. It has been suggested that calcu-

lation of the molar ratio of a-subunit to TSH may
distinguish tiomorous from nontumorous condi-

tions with inappropriate TSH secretion (194).

The regulation of thyrotroph function is also

useful for establishing TSH excess due to ade-

noma. TSH should be stimulated by dopamine

antagonists and suppressed by adrninistration of

th3Toid hormone, dopamine agonists, a-adrener-

gic antagonists, somatostatin, and glucocorticoids.

Inappropriate responses to these substances may
help in the differential diagnosis.

Adenomas causing hyperthyroidism may be

plurihormonal and associated with acromegaly

or hjqjerprolactinemia; in larger tumors the

h3rperprolactinemia may be attributed to stalk

section effect.

Radiologic Findings. An important diagnos-

tic study required in the evaluation ofTSH excess

is roentgenographic examination to estabhsh a

pitioitary tumor. Most patients have macroaden-

omas that are evident on skull X rays. Micro-

adenomas may require more sophisticated ra-

diologic procedures such as CT or MRI. However,

these tumors are usually large and invasive neo-

plasms that infiltrate parasellar structures.

Gross Findings. The tumors are usually large

and invasive at the time of diagnosis. Reported

cases are few and the gross appearance of these

lesions is not noted to be characteristic. Micro-

adenomas show no particular predilection for an-

atomic sites in the adenohypophysis. Occasion-

ally the tumors are densely fibretic.

Microscopic Findings. Thyrotroph adeno-

mas are generally chromophobic and exhibit a

solid or sinusoidal pattern (figs. 3-68, 3-69). They
often have stromal fibrosis and occasionally form

psammoma bodies (fig. 3-70). The tumor cells

have chromophobic c3doplasm with indistinct

cell borders and pleomorphic nuclei. In patients

with primary h5qjothyroidism it is important to

exclude the possibility of hyperplasia; reticulin

staining provides a clear answer in this differen-

tial diagnosis (fig. 3-71).
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Figure 3-68

HISTOLOGY OF THYROTROPH ADENOMA
This thyrotroph adenoma has a solid architectural pat-

tern with relatively abundant stromal fibrosis, a feature that

is not uncommon in these tumors.

Figure 3-69

HISTOLOGY OF THYROTROPH ADENOMA
The tumor cells of a thyrotroph adenoma have indistinct

cell borders and pale eosinophilic cytoplasm in which baso-

philic granules are rarely identified. The nuclei are quite

pleomorphic and mitotic figures are often seen.

Figure 3-70

HISTOLOGY OF
THYROTROPH ADENOMA
Thyrotroph adenomas exhibit

stromal fibrosis and occasionally har-

bor calcifications which may take the

form of psammoma bodies.
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Figure 3-71

RETICULIN STAINING OF THYROTROPH ADENOMA
It is important to exclude thyrotroph hyperplasia in

patients with hypothyroidism and TSH excess. The acinar

reticulin pattern is totally disrupted in an adenoma whereas
it is retained in hyperplasia.

Conventional histology and even immunohis-

tochemistry can be disappointing in characteriz-

ing these lesions. In the past, tumors have been

reported to lack positivity for TSH; the reason for

this is not understood but may be attributed to

artefact, since tissue fixation is known to alter the

antigenicity of glycoprotein hormones (192). Im-

provements in tissue processing and the availabil-

ity ofhighly specific and more sensitive antibodies

have improved diagnosis. When properly handled,

these lesions are usually positive for a-subunit

(fig. 3-72) and P-TSH (fig. 3-73). The immunore-
activity usually varies from cell to cell; the stain-

ing pattern allows recognition of the angular

morphology of the tumor cells.

Despite some variability in the ultrastructural

appearance of thyrotrophs, electron microscopy

Figure 3-72

IMMUNOHISTOCHEMICAL LOCALIZATION OF
a-SUBUNIT IN THYROTROPH ADENOMA

The cells of a th3Totroph adenoma are immunoreactive
for a-suhunit. The staining pattern is variable from cell to

cell but clearly highlights the polygonal nature ofthese cells

and decorates elongated cell processes.

can be rewarding for the diagnosis of these tu-

mors. Most thyrotroph adenomas are well differ-

entiated, composed of elongated cells which re-

semble nontumorous thyrotrophs (figs. 3-74—3-76).

The cells have distinct polarity with spherical or

oval euchromatic nuclei at one end. They contain

abundant rough endoplasmic reticulum which

may take the form of slightly dilated cisternae

and may contain flocculent electron lucent con-

tents. The Golgi apparatus is generally spherical

and prominent. Secretory granules are variable

in number but have a distinctive distribution,

accumulating at the plasmalemma and in cyto-

plasmic processes. They are usually small and

spherical, ranging from 150 to 250 nm in diame-

ter; they exhibit variable electron density. Occa-

sionally, densely granulated tumors contain
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Figure 3-73

IMMUNOHISTOCHEMICAL
LOCALIZATION OF p-TSH

IN THYROTROPH ADENOMA
The cells of a thyrotroph adenoma are im-

munoreactive for (3-TSH. The variable stain-

ing intensity allows clear delineation of the

polygonal cell morphology and recognition of

cell processes that store hormone.

Figure 3-74

ULTRASTRUCTURE OF
THYROTROPH ADENOMA
A thyrotroph adenoma is com-

posed of cells that have angular

morphology and elongated cell pro-

cesses. The rough endoplasmic re-

ticulum is well developed and Golgi

complexes are found in a juxta-

nuclear location. Secretory gran-

ules are very small and tend to ac-

cumulate along the plasmalemma;
some have peripheral electron lu-

cent halos and the cores have highly

variable electron density.

Figure 3-75

ULTRASTRUCTURE OF
THYROTROPH ADENOMA
Some cells in a thyrotroph ade-

noma have more abundant secretory

gi-anules and harbor prominent lyso-

somes which can produce PAS posi-

tivity focally in these tumors.
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Figure 3-76

ULTRASTRUCTURE OF THYROTROPH ADENOMA
A less well-differentiated thyrotroph adenoma is composed ofround to oval cells that do not exhibit the striking angularity ofnormal

thyrotrophs and do not have prominent cell processes. Nevertheless, the subcellular organelles resemble those in a differentiated

thyrotroph. Rough endoplasmic reticulum is well developed, Golgi complexes are conspicuous, and secretory granules are numerous,

small, and displayed preferentially at the cell border. This tumor can resemble a null cell adenoma but the tmmunoreactivity for B-TSH
confirms the diagnosis.

larger secretory granules that may measure up to

350 nm in diameter. However, some tumors asso-

ciated with TSH production are composed of less

well-differentiated cells which resemble those of

null cell adenomas.

In cases difficult to diagnose by morphology, tis-

sue culture studieshave documented release ofTSH
by adenoma cells in vitro ( 185,188,197,203,204).

Thyrotroph adenomas usually are associated

with TSH excess, however, they can be associated

with hyperth3rroidism, hypothyroidism, or euthy-

roidism; usually, preexisting primary hypothyroid-

ism masks clinical symptoms of TSH excess

whereas a previously normal thyroid status allows

the patient to develop hyperthyroidism. The vari-

ous clinical presentations and settings cannot be

distinguished morphologically, unless there is evi-

dence of underlying thyrotroph hyperplasia indic-

ative of primary hypothyroidism; the nontumorous

thyrotrophs may have features of “th3Toidectomy”

or “thyroid deficiency” cells, with extreme C3T0-

plasmic vacuolation due to dilation of rough en-

doplasmic reticulum cisternae (see chapter 1).

The cells may be almost totally devoid of secre-

tory granules and, therefore, immunoreactivity.

Thyrotroph hyperplasia may also be associated

with lactotroph hyperplasia.

Differential Diagnosis. There are three

substances that stimulate thyroid hormone syn-

thesis and secretion: pituitary TSH, placental

chorionic thyrotropin, and the thyroid-stimulat-

ing immunoglobulins that cause Graves’ disease.

Ectopic TSH secretion is exceedingly rmusual.

Rare cases of choriocarcinoma have been associ-

ated with hyperthyroidism and an ectopic TSH-
like syndrome, presumably due to overproduction

of a chorionic thyrotropin-like hormone (190).

Prognosis and Therapy. Several therapeu-

tic approaches have been used to manage pa-

tients with thyrotroph adenoma. Surgery has

had moderate success (201); the invasive behav-

ior commonly found in these lesions often pre-

cludes a surgical cure (191). Only a few patients

who have had radiation therapy as the initial

treatment have been cured. Combined surgery

and radiation has also been advocated.
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Figure 3-77

CLINICAL FEATURES OF CUSHING’S DISEASE

Left: This young woman presented with obesity, hirsutism, and acne. She had a plethoric, moon-shaped face and manifested

other features of cortisol excess as detailed in the text. She was found to have a pituitary microadenoma which was resected.

Right: Postoperatively, the return to normal is striking. (Courtesy of Dr. H.S. Smyth, Toronto, Canada.)

Recently, medical therapy has been suggested

for patients with this disorder. Bromocriptine was

used by some investigators (202), however, the

abnormal response to bromocriptine documented

in vitro in some cases suggests that this therapy

may be ineffective (186). The poor prognosis of

these aggressive and invasive tumors led some

authors to advocate octreotide therapy ( 187 );
re-

duction ofTSH or a-subrmit levels in most patients

suggests the possibility of control of hypersecre-

tion, but to date, only a single patient has had tumor

shrinkage as a result of this treatment ( 196,198).

PITUITARY ADENOMAS
CAUSING ACTH EXCESS

Clinical Features. The syndrome recognized

and described by Harvey Cushing is characterized

by a number of clinical features that are attribut-

able to prolonged overproduction of cortisol and

other adrenocorticoids; centripetal obesity, ple-

thoric moon-shaped facies, hirsutism, acne (fig.

3-77), hypertension, muscle weakness, bruisabil-

ity, mental disorders, menstrual irregularities,

and osteoporosis. The glucocorticoid excess leading

to these manifestations can result from diverse

secretory lesions of the adrenal cortex (adrenal

Cushing’s syndrome), or toACTH-induced adreno-

cortical hyperplasia caused by ACTH-producing

extrapituitary neoplasms (ectopic ACTH syn-

drome), excess corticotropin-releasing hormone

(CRH) production by tumors, or pituitary-depen-

dant ACTH excess. Overproduction of pro-

opiomelanocortin (POMC) may also be associated

with excess secretion of melatonin-stimulating

hormone (MSH), resulting in hyperpigmentation

in patients with ectopic ACTH production or with

severe pituitaiy-dependent ACTH excess.

Pituitary-dependent hypercortisolism, known as

Cushing’s disease, is responsible for approximately
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Figure 3-78

CLINICAL FEATURES OF
NELSON’S SYNDROME
This Caucasian patient had

cortisol excess and no pituitary

lesion was identified. She under-

went bilateral adrenalectomy.
Subsequently she developed a

large, rapidly growing, ACTH-
producing pituitary tumor. The
excess MSH production by this le-

sion resulted in severe hyperpig-

mentation which even involved

buccal mucosa. (Courtesy of Dr.

H.R Higgins, Toronto, Canada.)

two thirds of cases of Cushing’s syndrome. Cush-

ing recognized the pituitary basis for this disor-

der as published in his 1932 monograph entitled

“Pituitary Basophilism” (211). He described the

pituitary tumor or hyperplasia, adrenal tumor

or hyperplasia, as “so many and varied as to

baffle analysis.” Today, despite the discovery of

ACTH and cortisol, both unknown to Cushing,

the diversity of Cushing’s syndrome remains a

diagnostic challenge and the pathogenesis of

Cushing’s disease remains enigmatic.

Prior to the development of sophisticated im-

aging techniques, patients with cortisol excess

and no pituitary lesion detectable on routine X
ray were treated with bilateral adrenalectomy;

some subsequently manifested ACTH-producing

pituitary tumors ( 234 ). This phenomenon is known
as Nelson’s syndrome: the patients have rapidly

growing tumors that are unassociated with the

classic features of cortisol excess because they lack

adrenal tissue and are generally strikingly

hyperpigmented (fig. 3-78). The iatrogenic basis

of Nelson’s syndrome emphasizes the need for

careful imaging with nuclear MRI in patients

with the clinical features of Cushing’s disease.

Inferior petrosal sinus sampling to measure
basal and CRH-stimulated ACTH levels in-

creases the accuracy of the diagnosis (239).

Untreated Cushing’s disease results in severe

complications that can be fatal. The need for

rapid therapy cannot be overemphasized. If sur-

gery is contraindicated, several less successful

medical therapies can be attempted.

Biochemical Findings. The diagnosis of

Cushing’ disease can be difficult and frequently

requires multiple biochemical investigations

( 241 ). Cortisol excess is documented by measure-

ment of elevated urinary free cortisol levels, loss

of the diurnal variation of plasma cortisol, and

lack of normal suppression of cortisol or its me-

tabolites by dexamethasone administration. In

patients with adrenal tumors or ectopic ACTH-
producing tumors, administration of this potent

synthetic glucocorticoid usually does not sup-

press adrenal function whereas in patients with

pituitary-dependent disease, overnight adminis-

tration of 8 mg of dexamethasone usually sup-

presses the pituitary and results in reduced cor-

tisol secretion (205,236). Metyrapone, which

inhibits ll-(3 hydroxylation in cortisol biosynthe-

sis, causes a rapid fall in circulating cortisol and

a compensatory elevation ofACTH levels in pa-

tients with pituitary-dependentACTH excess, in

contrast to patients with the ectopic ACTH syn-

drome whose suppressed pituitary glands are

incapable of response (218).

In patients with Cushing’s disease, the plasma

ACTH level is usually elevated, but less so than

in those with the ectopic ACTH syndrome. The
ACTH level may, in fact, not be higher than the

upper limit of normal, but even a high normal

value is inappropriate in the face of cortisol

92



Pituitary Adenomas

excess. The ACTH response to stimulation by

CRH, vasopressin, thyrotropin-releasing hor-

mone (TRH) or insulin-induced hypoglycemia is

abnormal in patients with Cushing’s disease and

Nelson’s syndrome (229). TRH administration

may cause a rise in ACTH derived from pituitary

tumors but not in normal individuals. The incre-

ment inACTH concentration in response to vaso-

pressin administration is greater in patients with

Cushing’s disease or Nelson’s syndrome than in

normals, and in contrast, the increment in

plasma cortisol orACTH concentration following

insulin-induced hypoglycemia is significantly

less in patients with these diseases. The use of

CRH has become one ofthe most useful diagnostic

tools (237). Plasma ACTH responds significantly

to stimulation by this hypophysiotropic hormone,

despite basal hypercortisohsm; this readily dis-

tinguishes patients with Cushing’s disease from

depressed patients who may also have basal

hypercortisohsm but have blunted responses to

CRH stimulation (219,236,242).

Some patients with Cushing’s disease have

hyperprolactinemia in the absence of a macro-

adenoma that could cause a stalk section effect

(252), and those with normal basal PRL levels

may have blunted PRL responses to insulin-in-

duced hypoglycemia, suggesting that either the

tumor or hypercortisohsm may interfere with

the regulation of PRL at a suprahypophysial

level (230). Several derivatives of POMC, such

as p-endorphin, have been implicated as the

stimulus for PRL release in these patients.

It should be remembered that hypercortisol-

ism may have other causes including obesity and

alcoholism as well as several drugs. Exogenous

estrogens and pregnancy increase the hepatic

synthesis of cortisol-binding globulin, resulting

in an increased total plasma cortisol level, occa-

sionally into the range seen in Cushing’s syn-

drome. Diphenylhydantoin can interfere with

dexamethasone, resulting in an apparent failure

to suppress this steroid. The cortisol dynamics of

patients with depression often mimic those of

Cushing’s syndrome and may require elaborate

dynamic testing to clarify the diagnosis. Obesity

also can result in a state of relative hypercor-

tisolemia and the distinction from Cushing’s

syndrome can be confounding.

Radiologic Findings. The use of skull X rays

in the diagnosis of Cushing’s disease is unreli-

Figure 3-79

COMPUTED TOMOGRAPHY OF
THE PITUITARY IN CUSHING’S DISEASE

This CT scan with contrast enhancement shows an equivocal

lesion in the left pituitary which is slightly hypodense. This

turned out to be a microadenoma composed of corticotrophs.

able since only a minority of patients have evi-

dence of sellar enlargement (205). This has led

to the erroneous diagnosis of primary adrenal

disease in some patients with pituitary-dependent

Cushing’s disease and the development ofNelson’s

syndrome following bilateral adrenalectomy.

The addition of CT scanning improved the ra-

diologic detection of pituitary microadenomas in

patients with Cushing’s disease (205). Neverthe-

less, less than 60 percent have sellar abnormalities

using this technique ( fig. 3-79) (233). MRI has also

improved diagnostic sensitivity (figs. 3-80, 3-81).

The localization of pituitary tumors in

Cushing’s disease can be difficult, yet is neces-

sary for appropriate transsphenoidal microsur-

gical resection. The use of selective venous sam-

pling from the inferior petrosal sinus has been

reported to be a reliable and useful method for

establishing the presence and laterality of

ACTH-secreting microadenomas (205,215,238).

Because of the possibility of episodic release of

ACTH, inferior petrosal sinus sampling may
lead to erroneous results; however, the addition

ofCRH stimulation in combination with inferior

petrosal sinus sampling has been proposed as a

useful adjunctive diagnostic tool (232).

Large tumors, including those associated with

Nelson’s S3mdrome and the more aggressive silent
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Figure 3-80

MAGNETIC RESONANCE IMAGING OE
THE PITUITARY IN CUSHING’S DISEASE

Even high resolution MRI scanning with gadolinium

enhancement sometimes only reveals suspicious areas. The
right side of the pituitary is slightly enlarged and the

hypointense area is suspicious for a pituitary adenoma.

corticotroph adenomas, are usually demonstra-

ble with CT scanning. Tumor size can be further

estimated by other techniques such as polyto-

mography, air encephalography, or angiography.

Gross Findings. The most common cause of

pituitary-dependent Cushing’s disease is a baso-

philic microadenoma (222,227). Corticotrophs are

most numerous in the median wedge of the ad-

enohypophysis, and some adenomas are fotmd in

this central location, however, they may also be

present in a lateral wing and usually show
lateralization ofblood flow, as discussed above.

In contrast to Cushing’s disease, patients with

Nelson’s syndrome usually have a large, invasive

adenoma. Macroadenomas are also characteristic in

patients with less severe ACTH excess who harbor

chromophobic or sparsely granulated adenomas.

Microscopic Findings. Densely Granulated

Corticotroph Adenoma. This is the usual tumor

type in patients with ACTH excess. These baso-

philic adenomas have a sinusoidal architecture

(fig. 3-82) and stain with periodic acid-Schiff

Figure 3-81

MAGNETIC RESONANCE IMAGING OF THE PITUITARY IN CUSHING’S DISEASE
This patient with Cushing”s disease has an unequivocal midline hypointense lesion on T2-weighted imaging with gadolinium

enhancement, corresponding to a corticotroph adenoma.
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Figure 3-82

HISTOLOGY OF DENSELY GRANULATED
CORTICOTROPH ADENOMA

These tumors have sinusoidal architecture and are com-
posed of relatively large cells with abundant cytoplasm that

contains basophilic secretory granules.

(PAS) (fig. 3-83). They have varying degrees of

immunoreactivity for ACTH (fig. 3-84) and other

derivatives ofPOMC, including p-endorphin. Pos-

itivity for low molecular weight cytokeratins is

strong and diffuse in the cytoplasm oftumors that

cause Cushing’s S5mdrome (fig. 3-85) but not in

tumors associated with Nelson’s syndrome, reflect-

ing the lack of cortisol feedback on the pituitary.

The typical corticotroph adenoma has a char-

acteristic ultrastructure (fig. 3-86). It is com-

posed of medium-sized corticotroph cells which

are angular and contain ovoid or irregular nuclei;

nucleoli are usually attached to the inner nuclear

membrane. The cytoplasm contains well-devel-

oped rough endoplasmic reticulum and numer-

ous free ribosomes. The Golgi complex is spher-

ical and the majority of cells are densely

granulated. The secretory granules vary from

Figure 3-83

HISTOLOGY OF DENSELY GRANULATED
CORTICOTROPH ADENOMA: PAS STAIN

The PAS stain documents positivity in the vast majority

of cells of this densely granulated corticotroph adenoma.

150 to 450 nm in diameter and are distinguished

from other secretory granules by the marked
variability in electron density and shape; they

may be tear-drop shaped, indented, or heart

shaped. Another distinguishing feature of the

corticotroph is the presence of bundles of inter-

mediate filaments, located predominantly
around the nucleus; these filaments correspond

to immunoreactive low molecular weight

c3dokeratin proteins (235). They are helpful di-

agnostic markers, but are absent in patients

with Nelson’s syndrome (fig. 3-87).

Sparsely Granulated Corticotroph Adenoma.
Occasionally, tumors producing ACTH excess are

histologically chromophobic (fig. 3-88). They are

likely to be macroadenomas associated with

Cushing’s disease and may, in fact, be associated

with a less florid endocrine presentation, suggest-

ing that they have lower hormonal activity. This
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Figure 3-84

IMMUNOHISTOCHEMICAL LOCALIZATION
OF ACTH IN DENSELY GRANULATED

CORTICOTROPH ADENOMA
The tumor cells have abundant C3doplasmic positivity for

ACTH. A similar picture is obtained with immunostaining for

B-endorphin and other derivatives of proopiomelanocortin.

Figure 3-85

IMMUNOHISTOCHEMICAL LOCALIZATION
OF CYTOKERATINS IN DENSELY GRANULATED

CORTICOTROPH ADENOMA
This corticotroph adenoma from a patient with Cushing’s

disease has abundant immunoreactivity for c3dokeratins in

the perinuclear cytoplasm. Patients with Nelson’s syndrome
do not exhibit this feature.

Figure 3-86

ULTRASTRUCTURE OF
DENSELY GRANULATED
CORTICOTROPH ADENOMA
Most corticotroph adenomas are

composed of cells resembling non-

tumorous corticotrophs. These cells

have well-developed rough endo-

plasmic reticulum, prominent Golgi

complexes, and numerous secretory

granules that are extremely variable

in size, shape, and electron density.

In addition, tumor cells harbor nu-

merous perinuclear intermediate fil-

aments that form bundles; these cor-

respond to cytokeratins. Lysosomes

are complex and prominent in this

tumor type. Some secretory granules

are irregular in shape with indenta-

tions or tear-drop shapes (arrows).
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Figure 3-87

ULTRASTRUCTURE OF DENSELY
GRANULATED CORTICOTROPH ADENOMA

IN NELSON’S SYNDROME
The tumor cells in a corticotroph adenoma from a patient

with Nelson’s syndrome resemble the tumor cells of a

densely granulated corticotroph adenoma from a patient

with Cushing’s syndrome (fig. 3-86) with the exception of a

conspicuous absence of intermediate filaments that repre-

sent cytokeratins. Note the complex lysosomes and the

marked variability in size, shape, and electron density of

secretory granules.

rare variant of corticotroph adenoma usually has

a diffuse architecture, is PAS negative or has only

slight PAS positivity (fig. 3-89), and has only faint

immunoreactivity forACTH (fig. 3-90) but still con-

tains strong keratin immunoreactivity (fig. 3-91).

The chromophobic tumors have an unusual

ultrastructure (fig. 3-92): the cells generally have

less well-developed membranous organelles and

small, scanty secretory granules which measure

200 to 250 nm in diameter. Keratin filaments are

fewer in these tumors than in the typical cortico-

troph adenoma.

Figure 3-88

HISTOLOGY OF SPARSELY GRANULATED
CORTICOTROPH ADENOMA

These tumors usually have a diffuse architecture and are

composed of cells with chromophobic cytoplasm.

Crooke’s Cell Adenoma. Rarely, corticotroph

tumors may undergo Crooke’s hyalinization (222,

227 ). This morphologic alteration ( see chapter 1 ) is

characteristic ofnontumorous corticotrophs which

are subject to feedback suppression by elevated

circulating levels of cortisol and is seen in the

adenohypophyses of patients with primary adre-

nal hypercortisolism or the ectopic ACTH syn-

drome; in Cushing’s disease, it is usually confined

to the suppressed nontumorous corticotroph pop-

ulation. Some of the reported Crooke cell adeno-

mas have been associated with clinically typical

Cushing’s disease, some with intermittent

Cushing’s syndrome, a few have been reported to

be hormonally inactive, and some have had evi-

dence of low hormonal activity (214,217,223). In

one case, a Crooke cell adenoma was associated

with corticotroph hyperplasia (214).
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Figure 3-89

HISTOLOGY OF SPARSELY GRANULATED
CORTICOTROPH ADENOMA: PAS STAIN

Sparsely granulated corticotroph adenomas do not ex-

hibit the conspicuous PAS positivity of the more common
densely granulated variant; PAS positivity here is focal and
hard to identify.

Figure 3-90

IMMUNOHISTOCHEMICAL LOCALIZATION OF
ACTH IN SPARSELY GRANULATED

CORTICOTROPH ADENOMA
The sparsely granulated variantofcorticotroph adenoma has

less striking immunoreactivity for ACTH in tumor cells, how-

ever, cytoplasmic granules are identified on careful examination.

Figure 3-91

IMMUNOHISTOCHEMICAL
LOCALIZATION OF

CYTOKERATINS IN SPARSELY
GRANULATED CORTICOTROPH

ADENOMA
Cytoplasmic immunoreactivity

for low molecular weight cytoker-

atins is identified in many tumor
cells of a sparsely granulated cortico-

troph adenoma.
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Figure 3-92

ULTRASTRUCTURE OF SPARSELY
GRANULATED CORTICOTROPH ADENOMA

These tumors have unusual ultrastructural features and
do not resemble nontumorous corticotrophs. The cells have
well-developed rough endoplasmic reticulum and well-

formed Golgi complexes, however, the secretory granules are

sparser than in normal corticotrophs or in densely granu-

lated corticotroph adenomas. Secretory granules are small

but exhibit the marked variability in shape and electron den-

sity that is characteristic of corticotrophs. Intermediate fila-

ments are not as conspicuous as in the densely granulated

variant and do not accumulate into perinuclear bundles.

The tumors are composed of highly atypical

cells (fig. 3-93) that can be mistaken for meta-

static carcinoma or other unusual neoplasms in

the sellar region, such as gangliocytomas. The
large tumor cells have cytoplasmic basophilia

and PAS positivity limited to the cell periphery

while the majority of the cytoplasm is homoge-

neous, chromophobic, or slightly acidophilic (fig.

3-94). The diagnosis is confirmed by the immuno-

histochemical detection of weak ACTH reactivity

at the cell periphery (fig. 3-95) and abundant low

molecular weight cytokeratins throughout the

Figure 3-93

HISTOLOGY OF A CROOKE CELL ADENOMA
These tumors are composed ofhighly atypical, pleomorphic

cells with enlarged hyperchromatic nuclei. Because of their

highly unusual morphology, the tumor cells can be mistaken

for metastatic carcinoma or other rare tumors, such as ganglio-

cytomas, but the pale hyaline material encircling the nucleus

indicates the accumulation of keratin filaments.

cell c3doplasm (fig. 3-96). Ultrastructural exam-

ination confirms that most of the cytoplasm is

filled with intermediate filaments; the secretory

granules are predominantly pushed to the cell

periphery or may be found immediately adjacent

to the nucleus (figs. 3-97, 3-98).

Morphologic Effects ofDrugs and Hormones.

The cells of corticotroph adenomas are known to

respond to stimulation and inhibition by several

substances: incubation in vitro with cortisol or

dexamethasone, cyproheptadine, or reserpine in-

hibits release ofACTH (224,240,246); CRH, vaso-

pressin, vasoactive intestinal peptide (VIP), and

TRH stimulate the release ofPOMC-derived pep-

tides (224,225,231,240,245,249-251). Hormone
synthesis is likewise inhibited by corticosteroids
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Figure 3-94

HISTOLOGY OF A
CROOKE CELL ADENOMA

Basophilic granules are identified only at

the periphery of the cell in a Crooke cell

adenoma. The remainder of the cytoplasm is

filled with pale acidophilic hyaline material.

Figure 3-95

IMMUNOHISTOCHEMICAL
LOCALIZATION OF ACTH IN
A CROOKE CELL ADENOMA

These tumor cells stain for ACTH only at

the cell periphery, corresponding to the baso-

philic granularity.

Eigure 3-96

IMMUNOHISTOCHEMICAL
LOCALIZATION OF CYTOKERATINS
IN A CROOKE CELL ADENOMA
The bulk ofthe tumor cell cytoplasm is filled

with cytokeratin filaments that correspond to

the hyaline area identified on routine histology.

Nuclear atypia is striking in this tumor.
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Figure 3-97

ULTRASTRUCTURE OF A CROOKE CELL ADENOMA
Tumor cells in a Crooke cell adenoma have an abundance of

perinuclear cytoplasmic intermediate filaments that correspond

to keratin. The juxtanuclear complex lysosome is similar to the

“enigmatic body” of nontumorous corticotrophs. Secretory gran-

ules are either trapped adjacent to the nucleus by the interme-

diate filaments or are pushed to the cell periphery.

and stimulated by CRH (247). The response to

prolonged stimulation is persistent, indicating

that there is no down-regulation of the receptors

involved (220). The morphologic changes that

ensue have been studied in vitro and indicate that

there is an increase in synthetic organelles and a

reduction in the cytoplasmic volirme density of

secretory granules dioring incubation with CRH
(224). Accumulation of filaments in adenomatous

corticotrophs is the direct effect of cortisol and is

associated with reduced ACTH release ( 224 ).

Differential Diagnosis. One of the most dif-

ficult clinical differential diagnoses involves the

determination ofthe cause of cortisol excess. Even

the documentation ofACTH excess does not imply

the presence of a causative pituitary adenoma.

Figure 3-98

ULTRASTRUCTURE OF A CROOKE CELL ADENOMA
A tumor cell in a Crooke cell adenoma harbors abundant

perinuclear intermediate filaments which trap lysosomes

and secretory granules.

The common occurrence of “ectopic ACTH secre-

tion” by endocrine tumors in many sites through-

out the body, most commonly lung and usually a

small cell carcinoma, has led to the development

of a protocol of careful clinical and biochemical

investigation (237,241). In patients with no other

obvious source of ACTH h3qDersecretion, inferior

petrosal sinus sampling is recommended to con-

firm and lateralize the pituitary pathology ( 239 ).

Ectopic secretion ofCRH is rare but clinically

significant, since it gives rise to a clinical and

biochemical syndrome resembling Cushing’s dis-

ease (206,210,216,226,244,253). CRH has been

reported in endocrine tmnors of lung, thyi’oid, gut

and pancreas, and prostate, and in pheochromo-

cytomas (207,208). A rare case of hypothalamic

gangliocytoma containing CRH has also been re-

ported (206). CRH production causes pituitary
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corticotroph hypeiplasia rather than adenoma,

but tliis may be difficult to distinguish from a

primaiy pituitaiy disorder, since some patients

with primary pituitaiy Cusliing’s disease have

corticotroph hyperplasia with or without ade-

noma, and pituitaiy adenomas associated with

Cushing's disease may be extremely small and

undetectable by radiologic imaging, even MRI.

Usually, it is only after surgery, with documen-

tation of corticotroph hyperplasia without ade-

noma and with persistent disease, that there is

an indication to examine the patient for a possi-

ble source of CRH overproduction.

Prognosis and Therapy. Left untreated,

Cushing's disease can lead to increasing weak-

ness, hypertension, hypokalemia, fasting hyper-

glycemia, osteopenia, and severe mental disor-

ders which may require psychiatric therapy. The
reduced ability to fight infection can also have

grave consequences. The major objective ofther-

apy, then, is to reduce ACTH levels to within the

normal range and to restore cortisol secretion to

normal. As wdth other tumors, the therapeutic

options include radiation, surgery, and selected

drugs. Surgery to remove the adrenals may lead

to the development of Nelson’s syndrome and is

no longer used routinely.

Despite the difficulty in localizing pituitaiy tu-

mors for transsphenoidal adenomectomy, the ap-

plication ofCT scanning, MRI, and inferior petro-

sal sinus sampling to laterahze the tumor has

improved the results of the surgical approach.

Selective resection is possible in the majority of

patients with small, noninvasive tumors and cor-

rects In-percoitisolism with little morbidity in a

significant proportion (205,233,241). Neverthe-

less, those with nodular hjqierplasia require com-

plete In-pophysectomy for cure, resulting in sub-

sequent Iniiopituitaiism. In patients with larger

tumors, the results of sm’geiy are less successful;

only a minority of patients with invasive timiors

can be cured with surgeiy alone (209,221).

For sm'gical failures, radiation therapy, either

by external irradiation with either conventional

X-ray high voltage photons or hea\y particles

(212,213,241,248), or by pituitaiy implantation

of radioactive yttrium (^^y) is used (243). Re-

cently, application of the photon knife or gamma
knife suggests the possibility of more effective

and localized radiation with few'er side effects,

but experience is stiU limited (241).

Some studies have suggested that ACTH se-

cretion can be inhibited by cyproheptadine or

reserpine. Cyproheptadine, a serotonin antago-

nist, has been reported to suppressACTH release

by pituitary tumors in up to 50 percent ofpatients

with Cushing’s disease (228), however, this ther-

apy has not gained widespread support. Other

neuropharmacologic agents, including reserpine

or metergoline, another antiserotoninergic

agent, have been used with mild success (228).

In the most severe cases, and while awaiting

the effects of radiotherapy, management is di-

rected at blocking cortisol s3mthesis. Patients

can be treated with adrenalectomy, or medically

with ketoconazole or aminoglutethimide (241),

or rai’ely with metyi'apone or low dose mitotane

(o,p’DDD) (205). These drugs have severe side

effects and are used as a last resort.

PITUITARY ADENOMAS CAUSING
GONADOTROPIN EXCESS

Clinical Features. Gonadotroph adenomas

can present with signs or symptoms of gonadal

dysfunction but chnical evidence ofgonadotropin

excess is rare and more often they are detected

due to mass effects. Patients generally have large

tumors which cause headache and visual field

defects or other cranial neiwe deficits (275,276).

Male patients with suspected clinically non-

functioning adenomas usually have elevated go-

nadotropin levels, and the diagnosis of gonado-

troph adenoma is suspected on the basis of the

biochemical findings. Clinically diagnosed

gonadotroph tumors occur mainly in middle-

aged men who have a history of noimal gonadal

function (275). This may reflect the fact that they

are more difficult to diagnose in women; peri-

menopausal or postmenopausal women have

physiologically elevated levels of gonadotropins,

making the distinction betw^een a gonadotroph

adenoma and a nonsecreting adenoma difficult

clinically, how'ever, elevated levels of one gonad-

otropin alone or associated with ffi^popituitarism

may suggest the diagnosis of a gonadotropin-

producing adenoma. In premenopausal females,

these tumors are rare. Although the tumors gen-

erally present in older patients, they have been

occasionally reported in younger people; in this

situation, they have been frequently associated

with underhdng ffi-pogonadism (266).
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Paradoxically, gonadotroph adenomas are

usually associated with gonadal hypofunction;

rarely is there evidence of gonadal stimulation

(259). Patients who have gonadotroph adenoma

unassociated with primary h3rpogonadism gener-

ally have a history of normal pubertal develop-

ment and sexual function. They generally exhibit

normal secondary sexual characteristics and

most have a history ofnormal fertility (275, 276).

In contrast, patients with longstanding primary

h3T3ogonadism may have a history of normal

pubertal development with subsequent gonadal

failure or may have a history of primary amen-

orrhea or eunuchoidism (275). In young women,

it has been reported that gonadotropin-secreting

tumors can masquerade as primary ovarian fail-

ure; persistent supranormal serum gonadotro-

pins may inhibit ovarian function and this is

reversible after resection of the tumor (257).

Biochemical Findings. The diagnosis of

gonadotroph adenoma requires documentation of

elevated serum levels of follicle-stimulating hor-

mone (FSH), luteinizing hormone (LH), or both. In

the majority of cases reported, FSH levels alone

are elevated; in some cases both hormones are

abnormally high. In postmenopausal women, how-

ever, elevation of these hormones is physiologic;

only ifFSH is elevated and LH is suppressed can

one establish the existence oftumor hypersecre-

tion and adenohypophysial damage with insuffi-

ciency of LH. Only rarely has a tumor produced

LH only (263). In some patients, free a- and

p-subunits circulate in large quantities; secre-

tion ofuncombined subunits by these adenomas
has been confirmed in vitro (277 ). Patients with

gonadotroph adenomas generally have subnor-

mal levels of gonadal steroids and a diagnosis of

secondary hypogonadism may be entertained in

the absence of elevated gonadotropin levels.

In the diagnostic assessment of patients with

pituitary gonadotroph adenoma, abnormal hor-

mone responses to stimuli may prove useful.

Gonadotropin release by these tumors responds

to stimulation by gonadotropin-releasing hor-

mone (GnRH) and also, paradoxically, to TRH.
Both FSH and LH are thought to respond toTRH
stimulation, however, the FSH response is pri-

marily that of the intact molecule whereas LH
usually responds with increased release of a

single subunit, usually P-LH (275). This para-

Figure 3-99

HISTOLOGY OF GONADOTROPH ADENOMA
The tumors are characterized by a prominent sinusoidal,

trabecular, and papillary architecture. The tumor cells form

pseudorosettes around vascular channels.

doxical response has been shown in vitro to be a

direct effect ofTRH (255,267,270).

Radiologic Findings. These tumors usually

present as large macroadenomas with signifi-

cant suprasellar or parasellar extension. The

initial diagnostic evaluation includes CT scan-

ning or MRI to evaluate the degree of invasion.

Gross Findings. The invasive lesions are

usually large and well-vascularized soft tumors

that may exhibit areas ofhemorrhage or necrosis.

Microscopic Findings. (Tonadotroph adeno-

mas are usually composed of chromophobic cells

with a prominent sinusoidal, trabecular, or papil-

lary architecture and prominent pseudorosette

formations around blood vessels (figs. 3-99, 3-

100). Oncocytic change is found in this tumor

type, usually focally ( fig. 3- 10 1 ). Some tumor cells

contain a few PAS-positive cytoplasmic granules
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Fignre 3-100

HISTOLOGY OF GONADOTROPH ADENOMA
The tumor cells of a gonadotroph adenoma are charac-

teristically elongated; the nucleus tends to be localized pref-

erentially at one pole ofthe cell and the opposite pole consists

of elongated cytoplasm which is usually chromophobic.

(fig. 3-102). Immunohistochemistry usually lo-

calizes a-subunit (fig. 3-103), (3-FSH (fig. 3-104),

and p-LH (fig. 3-105) within tumor cells; the

intensity is extremely variable. Usually, both LH
and FSH subunits are found, despite the fact

that FSH secretion predominates in vivo. These

adenomas also exhibit nuclear staining for SF-1

(254), a steroidogenic transcription factor also

found in adrenal cortex and gonadal steroido-

genic cells (fig. 3-106).

Most gonadotroph adenomas are heteroge-

neous ultrastructurally. The tumor cells vary from

distinctive polar cells which contain euchromatic

nuclei and well-differentiated cytoplasm (figs. 3-

107, 3-108) to poorly differentiated round or polyg-

onal cells (fig. 3-109). The rough endoplasmic re-

ticulum can be abundant but is usually found as

Figure 3-101

HISTOLOGY OF GONADOTROPH ADENOMA
Gonadotroph adenomas frequently contain areas of

oncocytic change in which the tumor cells become more
round to polygonal, the cytoplasm is granular and eosino-

philic, and there may be mild nuclear atypia.

scattered short profiles; it is usually dilated and

contains electron lucent flocculent material.

Golgi complexes are often large and globular,

usually in a juxtanuclear location. Secretory

granules are variable in number; they are small,

measuring up to 250 nm in diameter, moderately

electron dense, and preferentially localized at the

opposite pole from the nucleus. Oncocytic change,

often found focally in these lesions, is characterized

by accumulation ofmitochondria (fig. 3-110).

Gonadotroph adenomas have been reported to

occur in patients with longstanding primary

hypogonadism. In these patients, the adenoma
may he associated with gonadotroph hyperplasia

and the formation of“gonadectomy” or “gonadal-

deficiency” cells, large gonadotrophs in the non-

tumorous gland with an abundant vacuolated
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Figure 3-102

HISTOLOGY OF GONADOTROPH
ADENOMA: PAS STAIN

The PAS stain occasionally highlights

PAS-positive cytoplasmic droplets in scat-

tered tumor cells in gonadotropin-producing

adenomas.

Figure 3-103

IMMUNOHISTOCHEMICAL
LOCALIZATION OF a-SUBUNIT
IN GONADOTROPH ADENOMA
Most tumor cells contain some degree of

immunoreactivity for a-subunit but reactiv-

ity tends to be highly variable throughout
the tumor.

Figure 3-104

IMMUNOHISTOCHEMICAL
LOCALIZATION OF

P-FSH IN GONADOTROPH ADENOMA
p-FSH is found usually in a focal pattem

in the cytoplasm of many tumor cells.
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Figure 3-105

IMMUNOHISTOCHEMICAL
LOCALIZATION OF (3-LH IN
GONADOTROPH ADENOMA

P'LH is also found in scattered tumor cells

but the immunoreactivity for P-LH tends to be

less than that for P-FSH.

Figure 3-106

IMMUNOHISTOCHEMICAL
LOCALIZATION OF SF-1

IN GONADOTROPH ADENOMA
The nuclei of tumor cells in a gonadotro-

pin-producing pituitary adenoma are usually

intensely immunoreactive for steroidogenic

factor- 1 (SF-1).

Figure 3-107

ULTRASTRUCTURE OF
GONADOTROPH ADENOMA
These tumors are composed of

elongated cells with striking po-

larity. This figure illustrates the

cytoplasmic pole of tumor cells

preferentially oriented around a

vascular channel with accumula-
tion of secretory granules.
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Figure 3-108

ULTRASTRUCTURE OF
GONADOTROPH ADENOMA
The characteristic gonadotroph

adenoma is composed of elongated

ceOs with the nucleus preferentially

located at one pole. The tumor cells

have short profiles of slightly di-

lated rough endoplasmic reticu-

lum and occasional well-formed

Golgi complexes. Secretory gran-

ules are few and small and gener-

ally accumulate at the cell border.

Figure 3-109

ULTRASTRUCTURE OF
GONADOTROPH ADENOMA
Some gonadotropin-producing

adenomas are composed of less

well-differentiated cells that are po-

lygonal or round. They contain

short profiles ofdilated rough endo-

plasmic reticulum and some have

well-formed Golgi complexes. Se-

cretory granules are few and small.

Figure 3-110

ULTRASTRUCTURE OF
GONADOTROPH ADENOMA:

ONCOCYTIC CHANGE
Gonadotroph adenomas often ex-

hibit at least focal oncocM'c change.

The cytoplasm is fiUed with numer-
ous dilated mitochondria that dis-

place other cytoplasmic organelles;

nevertheless, short profiles ofdilated

rough endoplasmic reticulum and
Golgi complexes are recognized. The
small secretory granules accumulate
close to the plasmalemma.
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cytoplasm that is almost totally filled with di-

lated endoplasmic reticulum containing floccu-

lent material (see chapter 1).

Differential Diagnosis. The gonadotropins

share homology with chorionic gonadotropin (hCG)

produced by the placenta. Excess production of

hCG is not uncommon in patients with chorio-

carcinoma and other germ cell tumors, but this

is readily distinguished from pituitary gonado-

tropin secretion by immunoassays. Other situa-

tions of ectopic secretion of gonadotropins are

not clinically significant.

Gonadotropin excess in children resulting in

precocious puberty is almost never due to a pitu-

itary adenoma. True or central precocious pu-

berty, which is gonadotropin dependent, is usu-

ally due to germ cell tumors that can produce

gonadotropin-like substances (see chapter 7), to

hypothalamic hamartomas producing GnRH
( see chapter 5 ), or to other central nervous sys-

tem tumors or tumor-like lesions that interfere

with physiologic suppression of the hypotha-

lamic-pituitary gonadotropic axis in children.

Prognosis and Therapy. Surgery remains

the first therapeutic approach to these tumors

(262). Given the success of transsphenoidal sur-

gery even for macroadenomas with suprasellar

extension, transfrontal surgery is rarely indi-

cated; it is associated with much higher morbid-

ity and mortality and is therefore reserved only

for patients with very large tumors in which the

bulk of the tumor is suprasellar (260).

In patients with large tumor or with significant

extrasellar extension, postoperative radiation is

usually offered as an adjuvant to surgery (278).

It has been suggested that treatment with

GnRH analogues may be useful, since GnRH is

known to down-regulate its receptors when ad-

ministered continuously. However, down-regula-

tion of GnRH receptors is not seen in these tu-

mors in vitro or in vivo (255,258,267,270,273,274)

and therapy with GnRH analogues has been

generally abandoned.

These adenomas are known to have dopamine

receptors (265,271). Bromocriptine has been re-

ported to reduce elevated serum gonadotropins

(256,261,264,268,272,279) and to suppress gonado-

tropin and a-subunit release in vitro (267,268,270).

There is only a single report ofreduction in tumor

size during bromocriptine treatment (281) and at

the present time, there is no morphologic or clin-

ical evidence that the drug is an effective modal-

ity for the treatment of these adenomas.

Octreotide may be useful in reducing elevated

gonadotropin levels in some patients (269,280).

Despite the fact that several patients have re-

ported improvement in visual fields, it has not

been conclusively shown to reduce tumor size as

determined objectively by radiologic imaging.

CLINICALLY NONFUNCTIONING
PITUITARY ADENOMAS

Clinical Features. Approximately 25 per-

cent of pituitary adenomas lack a characteristic

clinical syndrome or serum hormone marker.

Most patients have macroadenomas with signif-

icant suprasellar extension and they present

with symptoms of a mass: headache, neuro-oph-

thalmologic abnormalities such as superior or

bitemporal visual field defects, other cranial

nerve deficits, or even cavernous sinus syn-

drome. In some patients, the initial presentation

may be due to pituitary apoplexy, hemorrhage

within a macroadenoma, or hypopituitarism.

Biochemical Findings. Patients with clini-

cally nonfimctioning adenoma do not usually have

evidence of hormone hypersecretion. In most,

serum hormone levels are normal or even reduced

due to tissue destruction in the sella turcica. The

degree of hypopituitarism is variable: GH insuffi-

ciency is common and gonadotropin insufficiency

is considered to be the second most common endo-

crine abnormality (293). The reduction of gonad-

otropin levels has been attributed to tumor mass

effect but may also be attributed to the mild

hyperprolactinemia that is frequently caused by

pituitary stalk compression in patients with large

tumors (293). Postmenopausal women generally

have elevated gonadotropin levels but in association

with a nonfimctioning adenoma there is often evi-

dence ofgonadotroph insufficiency.H3qDothjrroidism

or adrenocortical insufficiency are found less fre-

quently but, with dynamic testing, impaired cor-

ticotroph or thyrotroph reserve is common (293).

Even when serum GH, TSH, FSH, LH, or a-sub-

unit levels are not reduced, they may fail to re-

spond to stimulation with hypothalamic-releasing

hormones, indicating a degree ofhypopituitarism.

Some patients have evidence of a-subunit

hypersecretion, alone or together with intact

gonadotropins (294,295).
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Figure 3-111

RADIOLOGIC FEATURES OF CLINICALLY
NONFUNCTIONING ADENOMA

CT scan of the sella turcica with contrast enhancement in

a patient with a clinically nonfunctioning pituitary adenoma
reveals a hypodense grade III lesion with significant suprasel-

lar extension. (Courtesy of Dr. S. Ezzat, Toronto, Canada.)

Radiologic Findings. Because ofthe lack of a

characteristic clinical syndrome, these tumors usu-

ally present late, when they have already become

large macroadenomas with significant suprasellar

or extrasellar extension. The initial diagnostic eval-

uation must include CT scanning (fig. 3-111 ) orMRI
(fig. 3-112). Digital subtraction angiograms may be

useful to exclude the possibility of aneurysm.

Microscopic Findings. Despite the clinical

homogeneity, these tumors present as a wide

range ofmorphologic lesions. The diagnosis rests

entirely on microscopic features at the light and

electron microscopic level.

Silent Somatotroph Adenomas. Afew somato-

troph adenomas have been unassociated with

acromegaly or gigantism. One patient had ele-

vated blood levels of biologically inactive GH
(296); others had no detectable alteration of cir-

culating GH (301,308,316,319,325). The silent

somatotroph tumors that have been subjected to

careful morphologic analysis have been other-

wise typical sparsely granulated somatotroph

adenomas (figs. 3-113-3-115). Tissue culture has

shed some light on the pathophysiology of these

Figure 3-112

RADIOLOGIC FEATURES: CLINICALLY
NONEUNCTIONING ADENOMA

T2-weighted MRI scan with gadolinium of a large invasive

grade IV pituitary adenoma that was entirely unassociated

with evidence of hormone excess clinically and biochemically.

The lesion compresses the 4th and lateral ventricles; there are

areas ofhypo- and hyperintensity that may reflect liquefaction

of the tumor. (Courtesy of Dr. S. Ezzat, Toronto, Canada.)

lesions: while some initially release only small

quantities of GH, after several days in vitro GH
release increases, suggesting that GH secretion

may have been suppressed in vivo (301).

Silent Lactotroph Adenomas. Patients with

lactotroph adenoma may present with symptoms

of a mass lesion that appears to be a nonfunction-

ing tumor (286,309). In some, there is biochemi-

cal evidence of PRL excess, suggesting that the

tumors secrete an immunologically recognized

hormone that is biologically inactive; in others,

hormone secretion appears to be defective. The

pattern ofimmunohistochemical staining and the

ultrastructural appearance of silent lactotroph

adenomas resemble those of functioning lacto-

troph adenomas (figs. 3-116-3-118).

Silent Thyrotroph Adenomas. Patients with

thyrotroph adenoma may present with symptoms

of a mass lesion that appears to be a nonfunction-

ing tumor (290). The pattern of immunohisto-

chemical staining and the ultrastructural ap-

pearance (fig. 3-119) of silent thyrotroph

adenomas resemble those of functioning thy-

rotroph adenomas as described above.
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Figure 3-113

HISTOLOGY OF SILENT
SOMATOTROPH ADENOMA

A silent somatotroph adenoma resembles

a sparsely granulated somatotroph adenoma
but is unassociated with clinical evidence of

growth hormone or IGF-1 excess. The tumor
is composed of relatively pleomorphic cells

with chromophobic cytoplasm and occa-

sional juxtanuclear pale areas correspond-

ing to fibrous bodies.

Figure 3-114

IMMUNOHISTOCHEMICAL
LOCALIZATION OF GROWTH

HORMONE IN SILENT
SOMATOTROPH ADENOMA

As in functioning sparsely granulated

somatotroph adenomas, the silent variant of

this tumor contains focal and variable immu-
noreactivity for growth hormone in the cyto-

plasm of tumor cells.

Figure 3-115

IMMUNOHISTOCHEMICAL
LOCALIZATION OF CYTOKERATINS

IN SILENT SOMATOTROPH ADENOMA
The silent somatotroph adenoma, like its

functioning counterpart, is composed of cells

with conspicuous fibrous bodies which are

highlighted by immunostaining for low mo-
lecular weight cytokeratins.

A.'*
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Figure 3-116

HISTOLOGY OF SILENT LACTOTROPH ADENOMA
These rare tumors resemble functioning lactotroph ade-

nomas histologically; they are composed of chromophobic

cells which can have either a trabecular or a solid architec-

tural pattern.

Silent Corticotroph Adenomas. Not all corti-

cotroph adenomas cause Cushing’s disease;

some are “silent” (291), tumors unassociated

with evidence of ACTH production or release in

vivo but which are immunoreactive forACTH and

other POMC derivatives and have characteristic

ultrastructural features ofcorticotrophs. Patients

with silent corticotroph adenoma usually have

hyperprolactinemia, even without evidence of

stalk section effect (300). Several POMC deriva-

tives, in particular p-endorphin, are known to

stimulate PRL release and may account for this

finding (310). It is important to verify the diag-

nosis because of the aggressive behavior of these

adenomas which recur and have a propensity to

undergo hemorrhagic infarction (290,314).

Two morphologic variants of silent corticotroph

adenoma have been described (300). Type I adeno-

mas resemble the densely granulated basophilic

Figure 3-117

IMMUNOHISTOCHEMICAL LOCALIZATION OF
PROLACTIN IN SILENT LACTOTROPH ADENOMA
These tumors generally contain immunoreactivity for pro-

lactin in the characteristic juxtanuclear location, despite the

lack of clinical evidence of hormone excess.

Figure 3-118

ULTRASTRUCTURE OF SILENT
LACTOTROPH ADENOMA

A sparsely granulated lactotroph adenoma is composed
of cells with elongated processes, well-developed rough en-

doplasmic reticulum, and prominent juxtanuclear Golgi

complexes that harbor forming secretory granules which
may be quite pleomorphic. Extrusion of secretory material

at the lateral cell border, “misplaced exocytosis” (aiTows), is

the hallmark of lactotrophs.
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Figure 3-119

ULTRASTRUCTURE OF
SILENT THYROTROPH ADENOMA

This clinically nonfunctioning adenoma is composed of

polygonal cells with elongated processes. The cell cytoplasm

contains short profiles of slightly dilated rough endoplasmic

reticulum, large Golgi complexes, and lysosomal dense bodies.

The small and evenly electron dense secretory granules are

aligned at the plasma membrane. The tumor was immuno-
reactive for a-subunit and (1-TSH.

tumors associated with Cushing’s disease (fig.

3-120): they have strongACTH immunoreactivity

(fig. 3-121), contain abundant cytokeratin fila-

ments (fig. 3-122), and, by electron microscopy, are

composed of typical corticotrophs (fig. 3-123).

Type II tumors resemble the uncommon chro-

mophobic tumors (fig. 3-124) but stain for ACTH
and other POMC-derived peptides (fig. 3-125)

and are usually devoid of cytoplasmic intermedi-

ate filaments (fig. 3-126) (291). These adenomas
express the POMC gene (307). They are immu-
noreactive for ACTH and (3-endorphin (318) and

release ACTH-like substances in vitro (282).

Their clinical silence may be due to abnormal

cleavage of the POMC molecule. It is thought

Figure 3-120

HISTOLOGY OF SILENT
CORTICOTROPH ADENOMA, TYPE I

These basophilic adenomas have either a trabecular or

solid architecture. The cytoplasm contains basophilic secre-

tory granules. Unlike the functioning tumors which are

generally diagnosed early because ofhormone excess, these

clinically silent tumors generally are diagnosed when they

become large and create mass effects. They often have
abundant hemorrhage with focal necrosis.

that they produce either abnormal fragments of

POMC (287) or cleave the molecule into smaller

derivatives such as a-melanocyte-stimulating

hormone (MSH) or corticotropin-like intermedi-

ate lobe peptide (CLIP).

Silent Gonadotroph Adenomas. Gonadotroph

adenomas are morphologically classified more fre-

quently than they are diagnosed clinically (300,

317), hence the distinction between clinically func-

tioning gonadotroph adenomas that can be diag-

nosed on the basis of symptoms, clinical setting,

and biochemistry, and clinically silent tmnors of

that category which are detected due to mass
effects (311). Gonadotroph adenomas occur mainly

in middle-aged patients and are more common in
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Fig 3-121

IMMUNOHISTOCHEMICAL
LOCALIZATION OF ACTH IN SILENT
CORTICOTROPH ADENOMA, TYPE I

The cytoplasm of the tumor cells is im-

munoreactive for ACTH.

Figure 3-122

IMMUNOHISTOCHEMICAL
LOCALIZATION OF

CYTOKERATINS IN SILENT
CORTICOTROPH ADENOMA, TYPE I

These tumors generally contain abun-

dant cytokeratin filaments which are

readily identified immunohistochemically

with the Cam 5.2 antibody.

Figure 3-123

ULTRASTRUCTURE OF SILENT
CORTICOTROPH ADENOMA, TYPE I

These tumors are composed of cells that

resemble normal corticotrophs. They are

characterized by their relatively abundant
secretory granules that are highly variable in

size, shape, and electron density. In addition,

they have conspicuous perinuclear bundles of

intermediate filaments that correspond to

cytokeratins. Complex lysosomes, resembling

the “enigmatic bodies” of normal cortico-

trophs, are readily identified.
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Figure 3-124

HISTOLOGY OF SILENT
CORTICOTROPH ADENOMA, TYPE II

These tumors tend to be chromophobic or

only slightly basophilic. They have a sinusoidal

or solid architecture.

Figure 3-125

IMMUNOHISTOCHEMICAL
LOCALIZATION OF ACTH IN
SILENT CORTICOTROPH
ADENOMA, TYPE II

These tumors have variable immunoreac-
tivity forACTH and otherPOMC derivatives,

but generally, hormone products are not dif-

ficult to identify by immunohistochemistry,

allowing recognition of this tumor type.

Figure 3-126

ULTRASTRUCTURE OF SILENT
CORTICOTROPH ADENOMA, TYPE II

Similar to the rare sparsely granulated
corticotroph adenomas associated with
ACTH excess, these tumors have well-devel-

oped rough endoplasmic reticulum and se-

cretory granules that tend to be small but

extremely variable in size, shape, and elec-

tron density.
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Figure 3-127

HISTOLOGY OF SILENT GONADOTROPH ADENOMA
These tumors are characterized by trabecular architec-

ture and conspicuous pseudorosette formation around vas-

cular channels. Scattered tumor cells contain abundant
granular cytoplasm, indicating focal oncoc3dic change.

Figure 3-128

HISTOLOGY OF SILENT GONADOTROPH ADENOMA
Around vascular channels the tumor cells are elongated

whereas in the center of nests and sheets they are round and
polygonal. The cytoplasm varies from chromophobic to eo-

sinophilic and granular, indicating oncocytic change.

men, but failure to diagnose this entity in peri-

menopausal and postmenopausal females results in

most gonadotroph adenomas in women being clas-

sified as clinically nonfunctioning tumors (288).

This group oftumors represents almost one third

of surgically resected adenomas in most series.

Morphologically, the tumors that are diagnosed

on the basis of symptoms and biochemistry, and

those that are clinically silent are indistinguish-

able. There is a characteristic histologic appear-

ance of trabecular and papillary architecture

forming pseudorosettes around vascular chan-

nels (figs. 3-127, 3-128). Oncoc3dic change can be

found in any adenoma type but it is rare in non-

gonadotrophic tiimors, apart from the acidophil

stem cell adenoma. Most gonadotroph adenomas

have at least focal oncocytic change ( fig. 3-129 ); the

degree of oncocytic change varies and can be

extensive. Oncocytic change is characterized his-

tologically by abrmdant cytoplasm which may be

acidophilic and granular.

The tumor cytoplasm is immunoreactive for

a-subunit (fig. 3-130) as well as (3-subunits of

FSH (fig. 3-131) and LH (fig. 3-132). There is

strong nuclear positivity for SF-1 (fig. 3-133).

Gonadotroph adenomas show a wide range of

differentiation, from highly developed cells with

marked polarity and elongated cell processes

(figs. 3-134, 3-135) to rounded cells with numer-

ous mitochondria that displace many of the

cytoplasmic organelles (figs. 3-136, 3-137). They
have characteristic short profiles of dilated

rough endoplasmic reticulum, rounded Golgi

complexes, and small secretory granules which
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Figure 3-129

HISTOLOGY OF SILENT
GONADOTROPH

ADENOMA: ONCOCYTIC CHANGE
A gonadotroph adenoma is composed of

elongated cells that form pseudorosettes

around vascular channels. These tumor cells

have the characteristic abundant eosino-

philic granular cytoplasm of oncocytes.

0
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Figure 3-130

IMMUNOHISTOCHEMICAL
LOCALIZATION OF a-SUBUNIT IN
SILENT GONADOTROPH ADENOMA
Scattered tumor cells are strongly immu-

noreactive for a-subunit throughout the cy-

toplasm.

Figure 3-131

IMMUNOHISTOCHEMICAL
LOCALIZATION OF (3-FSH IN SILENT

GONADOTROPH ADENOMA
Some tumor cells are immunoreactive for

p-FSH; staining tends to be localized around
vascular channels where the cells also show
histologic evidence of differentiation as

gonadotrophs.

. if
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Figure 3-132

IMMUNOHISTOCHEMICAL
LOCALIZATION OF p-LH IN SILENT

GONADOTROPH ADENOMA
Scattered tumor cells throughout the lesion

are immunopositive for P-LH.

Figure 3-133

IMMUNOHISTOCHEMICAL
LOCALIZATION OF SF-1 IN SILENT

GONADOTROPH ADENOMA
The tumor cells exhibit strong nuclear

positivity for SF-1, indicating gonadotropic

differentiation.

Figure 3-134

ULTRASTRUCTURE OF SILENT
GONADOTROPH ADENOMA

Like their functioning counterparts,

these tumors are composed ofelongated cells

that have distinct polarity. They harbor

abundant short profiles of slightly dilated

rough endoplasmic reticulum, prominent
Golgi complexes, and numerous small secre-

tory granules that have flocculent electron

dense contents.
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Figure 3-135

ULTRASTRUCTURE OF
SILENT GONADOTROPH

ADENOMA
Silent gonadotroph adenomas generally

contain areas of oncocytic change; the accumu-

lation of mitochondria vEuies from ceU to cell.

Figure 3-136

ULTRASTRUCTURE OF SILENT
GONADOTROPH ADENOMA:

ONCOCYTIC CHANGE
An oncocytic gonadotroph adenoma is char-

acterized by light and dark cells. The cells har-

bor numerous mitochondria that occupy the

bulk of the cytoplasm. The remainder of the

cytoplasm contains other subceUular organ-

elles. The presence of secretory granules indi-

cates the secretory capacity ofthese ceOs.

Figure 3-137

ULTRASTRUCTURE OF SILENT
GONADOTROPH

ADENOMA: ONCOCYTIC CHANGE
This gonadotroph adenoma exhibits

oncocytic change with accumulation of mito-

chondria. Nevertheless, other subceUular or-

ganelles are readily identified and the small

secretory granules are quite numerous.
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Figure 3-138

HISTOLOGY OF SILENT GONADOTROPH
ADENOMA (NULL CELL TYPE)

A poorly differentiated gonadotroph adenoma is composed of

solid sheets of cells that show focal differentiation similar to

well-differentiated gonadotroph adenomas, with the formation

of pseudorosettes around vascular channels. In more solid

areas, the tumor cells are small and have scant cytoplasm.

measure up to 250 nm in diameter and occasion-

ally have peripheral halos surrounding variably

electron dense contents.

Null cell adenomas and oncocytomas were con-

sidered formerly to he tumors that had no markers

allowing characterization of their cytodifferentia-

tion. When first described, almost 25 percent of

these pituitary adenomas were devoid ofimmuno-

reactivity and the ultrastructural features were

considered to be nonspecific. However, it is now
known that most release gonadotropins or their

subunits (285,323). The quantities ofhormone re-

leased are low, as they are in cultures of clinically

silent gonadotroph adenomas and in cultured non-

tumorous pituitary tissue where gonadotrophs

represent only approximately 5 percent of the cell

population (285). The reverse hemolytic plaque

assay has shown that hormone release is attribut-

Figure 3-139

HISTOLOGY OF ONCOCYTOMA
This oncocytoma is composed entirely of solid nests and

sheets of epithelial cells that have abundant eosinophilic gran-

ular cytoplasm.

able to only a small percentage of tumor cells and

that the quantities of hormones released are

exceedingly small (324). Molecular analyses

have shown that glycoprotein hormone genes are

expressed in these adenomas (292,309) as well

as the gonadotroph transcription factor SF-1 (283 ).

Djmamic studies in vitro have shown that these

tumors respond to stimulation by GnRH and ex-

hibit paradoxical stimulation by TRH (284,302,

304,305), features consistent with gonadotroph

differentiation. These studies suggest that null

cell adenomas represent gonadotropin-produc-

ing tumors with very low functional activity.

Chromophobic tumors generally have a dif-

fuse or sinusoidal architecture but careful exam-

ination usually reveals focal trabecular or papil-

lary architecture and pseudorosette formations

around blood vessels (fig. 3-138). In some tumors,

oncocytic change is diffuse and the lesions are

classified as oncocytomas (fig. 3-139). Modern
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Figure 3-140

IMMUNOHISTOCHEMICAL LOCALIZATION
OF a-SUBUNIT IN SILENT GONADOTROPH

ADENOMA (NULL CELL TYPE)

Despite the lack of dear histologic differentiation, the

tumor cells contain focal but very strong cytoplasmic im-

munopositivity for a-subunit of glycoprotein hormones.

Figure 3-141

IMMUNOHISTOCHEMICAL LOCALIZATION OF
SILENT P-FSH IN GONADOTROPH
ADENOMA (NULL CELL TYPE)

Tumor cells scattered throughout this lesion contain

cytoplasmic reactivity for p-ESH; this antigen is found more
often than p-LH but either or both can found in the cyto-

plasm of silent gonadotroph adenomas.

immunohistochemical techniques show these tu-

mors to contain scattered cells with cytoplasmic

immunoreactivity for a-subunit (fig. 3-140) and

P-subunits of FSH (fig. 3-141), LH, or both as

well as nuclear staining for SF-1. There have

been attempts to define the distinction between

gonadotroph adenomas and null cell adenomas
by the percentages ofgonadotropin-immunoreac-

tive cells determined by light microscopy (299),

but it seems clear from many types of analysis

that there is no clinical or biologic difference that

correlates with these subclassifications.

By electron microscopy, tumor cells in the less

well-differentiated adenomas are small and poly-

gonal; they lack the polarity of well-differentiated

gonadotrophs. The scant, poorly developed cyto-

plasm reflects low hormonal activity (figs. 3-142,

3-143) (286). The cytoplasm contains poorly de-

veloped short profiles of rough endoplasmic re-

ticulmn, relatively small Grolgi complexes, £md

sparse, small secretory gr£mules. There is a vari-

able accumulation of mitochondria which, in

oncocytomas, can occupy up to 50 percent of the

cytoplasmic area (figs. 3-144, 3-145) (323). De-

spite the numerous mitochondria, the cytoplasm

in oncoc3doma cells contains scant organelles

resembling those of the non-oncocytic gonado-

troph adenoma. There is a spectrum of oncocytic

change in non-oncocytic tumors and increasing

oncocytic change may be seen in tumor recur-

rences in a given patient (299,300).
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Figxire 3-142

ULTRASTRUCTURE OF SILENT GONADOTROPH
ADENOMA (NULL CELL TYPE)

These tumor cells have poorly developed cytoplasmic organ-

elles and scattered small secretory granules.

Figure 3-143

ULTRASTRUCTURE OF SILENT GONADOTROPH
ADENOMA (NULL CELL TYPE)

The cells have dilated rough endoplasmic reticulum, con-

spicuous Golgi complexes, and numerous secretory granules.

Figure 3-144

ULTRASTRUCTURE OF ONCOCYTOMA
This adenoma is composed of cells with poorly differenti-

ated C3d,oplasmic organelles but mitochondria are numerous.

Figure 3-145

ULTRASTRUCTURE OF ONCOCYTOMA
The cytoplasm is almost entirely filled with mitochondria.

Other subcellular organelles are identifiable but are sparse.
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Figure 3-146

ULTRASTRUCTURE OF “FEMALE TYPE”
GONADOTROPH ADENOMA

These tumors are characterized by the presence of dilated

profiles ofrough endoplasmic reticulum, small secretory gran-

ules that are of variable electron density, and a conspicuous

Golgi complex which has been described as a “honey-comb

Golgi,” characterized by vesicular sacculi. These tumors do not

generally contain immunoreactive gonadotropins and their

true identity remains to be established.

A rare tumor that has been reported to he

unique to women is the female type ofgonadotroph

adenoma (figs. 3-146, 3-147). These tumors have a

highly characteristic ultrastructure hut rarely con-

tain immunoreactive gonadotropins. In fact, in

the author’s experience, they most often contain

ACTH-like reactivity and release ACTH in vitro

rather than gonadotropins. The tumors are com-

posed ofmoderate-sized cells with distinct polarity.

They have euchromatic nuclei and an abundant
cytoplasm filled with slightly dilated rough en-

doplasmic reticulum profiles. The highly distinc-

tive honeycomb Golgi complex has round saccrdi

containing a homogeneous, moderately electron

Figure 3-147

ULTRASTRUCTURE OF “FEMALE TYPE”
GONADOTROPH ADENOMA

This tumor type is characterized by an unusual dilated

vesicular Golgi complex that has been called a “honey-comb
Golgi.” The cytoplasm also contains dilated profiles of rough
endoplasmic reticulum and numerous small secretory gran-

ules that are variable in size and shape. The exact nature of

this tumor type remains to be established.

dense material. In some tumors, in place of a

honeycomb Golgi, there is a tripolar Golgi complex

with vesicular sacculi at the center. Secretory

granules are generally sparse, small (100 to 200

nm in diameter), and moderately electron dense.

These are enigmatic lesions that may represent

variants of silent corticotroph adenomas.

Poorly Differentiated Adenomas. Rare adeno-

mas are hormone-negative lesions, composed of

poorly differentiated cells (fig. 3-148). They may
exhibit focal plurihormonality and plurimorph-

ous differentiation (298). Some null cell adenomas

respond in vitro to stimulation by LRH, TRH,
CRH, or GRH (284,312,315); the expression of
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Figure 3-148

PRECURSOR CELL ADENOMA
This tumor is composed ofvery small, poorly differentiated

cells. Some tumor cells contain short profiles of rough endo-

plasmic reticulum, others contain Golgi complexes, but secre-

tory granules are sparse and small. This tumor contained no

hormone immunoreactivity to allow identification of its differ-

entiation, and it released no detectable hormones in vitro.

receptors implicated by these results has been

confirmed by measuring c3dosolic free calcium and

adenyl cyclase activity (313) and by direct mea-

surement ofTRH binding sites ( 305). In contrast

to the strong evidence of gonadotroph differenti-

ation in the majority ofadenomas that have been

classified as null cell adenomas, some of these

tumors may be composed of pluripotential pro-

genitor cells that express receptors of various

types and are capable of differentiating along

different hormone-producing cell lines (299).

Differential Diagnosis. The differential di-

agnosis for these tumors is wide and includes

many tumors and tumor-like lesions in the sellar

region. Tumors such as meningiomas, gliomas.

germ cell tumors, and metastatic carcinomas

can be mistaken for pituitary adenomas; careful

examination of the histologic features and ap-

propriate immunohistochemical analyses, de-

tailed in the relevant sections of this text, will

provide the correct diagnosis. Other tumors and

tumor-like lesions that present clinically as a

sellar mass usually have characteristic morphol-

ogy that allows ready diagnosis; the features of

craniopharyngiomas, cysts, and inflammatory

lesions are discussed in following chapters. A
difficult problem occasionally arises when non-

tumorous adenohypophysis or neurohypophysis

is biopsied; it is important to recognize these

tissues and not err by misdiagnosing a tumor.

Prognosis and Therapy. Patients generally

present for medical attention at the stage where

the tumor has grown to involve surrounding

structures and caused compressive symptoms.

Surgical decompression and debulking remain

the mainstays of treatment (293). The need for

surgery is underlined by the necessity for diag-

nostic assessment of the tumor since it is essen-

tial to exclude other tumors which are indistin-

guishable without morphologic analysis. As for

most pituitary adenomas, the success of trans-

sphenoidal surgery, even for extrasellar macro-

adenomas
,
has reduced the indication fortransffon-

tal surgery to patients with very large invasive

tumors (289). Total or near total removal of the

tumor can be achieved in some patients; these tu-

mors, however, have a distinct tendency to recur.

Postoperative radiation is usually offered as an

adjuvant to surgery to prevent regrowth of large

tumors that cannot be completely resected (320).

Despite the fact that these are among the most

common pituitary tumors, there is no efficacious

substance for medical management. For the group

ofgonadotroph, null cell, and oncocytic adenomas,

treatment with GnRH analogues has been at-

tempted ( see Pituitary Adenomas Causing Gonad-

otropin Excess) but the results have not been

promising. These adenomas are also known to

have dopamine receptors (297,306), however, with

rare exception, bromocriptine has not been effi-

cacious in reducing tumor size (322) which is the

main treatment goal for these lesions. Octreotide

has been reported to improve visual field defects

in some patients (303,321), but it has not been

shown to reduce tumor size as determined objec-

tively by imaging analyses.
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When surgery is contraindicated due to the

general condition of the patient and there are no

compressive features, patients may be moni-

tored by serial imaging with CT or MRI, along

with formal visual field assessment at 6- to 12-

month intervals. Regardless ofthe management
course taken, anterior pituitary reserve must be

formally assessed, and complete or selective tro-

phic hormonal deficiencies require appropriate

hormonal replacement.

PLURIHORMONAL ADENOMAS

Clinical Features. Anumber ofunusual clin-

ical presentations have been reported in associa-

tion with plurihormonal tumors. The most com-

mon involves production ofGH andTSH by tumors

that cause acromegaly or gigantism in association

with hyperthyroidism (327,340,341,343,345,348,

349). Other tumors have caused hyperthyroidism

in association with hyperprolactinemia due to pro-

duction of both TSH and PRL (328,331,333,336).

Rarely, Cushing’s disease has been associated with

excess GH, PRL, TSH (347), or gonadotropins

(346). Gonadotropins have also been reported in

association with PRL (330,332) and TSH (337).

Most of these tumors are characterized as pluri-

hormonal only on the basis ofmorphologic studies.

In the case of tumors with significant suprasellar

extension they may be clinically silent with only

mild to moderate hyperprolactinemia but leading

to the “stalk section effect” (334).

In many of these tumors, one component is

silent and the tumor manifests with only one

syndrome or the other. The plurihormonal na-

ture of such lesions is recognized by morphologic

studies alone (334).

Biochemical Findings. The biochemistry of

these lesions can be very confusing because of

the unusual profiles of hormone excess. They
may be associated with elevated levels of several

hormones and reduced levels of other adenohy-

pophysial substances due to tissue destruction

by tumor growth. The details of these biochemi-

cal findings cannot be reported in this chapter;

each individual case has had a distinct profile

and the reader is referred to the individual re-

ports for further elaboration.

Radiologic Findings. This highly variable

group of tumors has a wide range of imaging

findings, ranging from those of intrasellar

macroadenomas to those of widely invasive

large tumors.

Microscopic Findings. Plurihormonal pitu-

itary adenomas are recognized with increasing

frequency (339). The use ofsystematic immunohis-

tochemistry has revealed immunoreactivity for

multiple adenohypophysial hormones in many tu-

mors. In particular, a-subunit is widely recognized

in a number of pituitary adenoma types; it is

most commonly associated with GH (326,338,

344) and is expected to be expressed by tumors

producing glycoprotein hormones. In addition,

pituitary adenomas that produce ACTH and a-

subunit have been reported to be more common
than detectable by clinical investigation (329).

Plurihormonal tumors that produce GH, PRL
and, on occasion, a-subunit have been classified,

and represent well-recognized causes of acro-

megaly or gigantism and h3q3erprolactinemia;

these have been described above. This section is

restricted to imusual plurihormonal tumors that

produce unexpected combinations of hormones
that cannot be accoimted for by current concepts

of adenoh}q)ophysial cytodifferentiation.

Detailed morphologic studies using immuno-
cytochemistry and electron microscopy have
shown that plurihormonal tumors can be divided

into monomorphous and plurimorphous types.

Monomorphous adenomas consist of one cell

type that is capable of producing several hor-

mones; multiple hormones can be documented

by immunocytochemistry in the cytoplasm ofthe

same cell. Plurimorphous plurihormonal adeno-

mas are composed oftwo or more cell tjq>es, each

of which has a characteristic hormonal profile

and usually a distinct ultrastructural appear-

ance which resembles that of a nontumorous

adenohypophysial cell type. Although this dis-

tinction appears relatively simplistic, careful ul-

trastructural immunocytochemical studies have

revealed that even in plurimorphous tumors,

unusual plurihormonal profiles within individ-

ual cells can be recognized. Extrapolation re-

veals that tumors associated with acromegaly

and hyperthyroidism may be monomorphous,
composed of cells resembling somatotrophs or

thyrotrophs; the latter appears to be more com-

mon, nevertheless, the monomorphous cell type

is immunoreactive for GH as well as TSH (327,

340-343,345,348,349). Similarly, tumors pro-

ducing TSH and PRL have been reported to be
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bimorphous, composed of thyrotrophs and

lactotrophs (333) or monomorphous, composed of

cells resembling thyrotrophs (328,331,336). Var-

ious other plurihormonal tumors have variable

morphologies.

One unusual tumor of note is the silent sub-

type III adenoma (335): this peculiar tumor type

has been associated with hyperprolactinemia or

acromegaly or, in some instances, with no clini-

cal evidence of hormone excess. The tumors are

macroadenomas, often with parasellar exten-

sion. They are histologically diffuse and exhibit

focal immunoreactivity for one or more adenohy-

pophysial hormones. The diagnosis relies on elec-

tron microscopy (fig. 3-149). These adenomas are

composed of large cells whose nuclei are usually

found at one pole of the cell and may harbor

spheridia. The abundant cytoplasm contains

well-developed, widely distributed rough endo-

plasmic reticulum that may be found in continu-

ity with randomly distributed tubular smooth

endoplasmic reticulum. The Golgi complex is usu-

ally prominent and tortuous. Mitochondria may be

numerous and are found in clusters. The cells have

interdigitating attenuated processes in which

small secretory granules accumulate. These

characteristic ultrastructural features allow

their recognition as a distinct entity, although

the cell of origin is obscure ( 335 ).

Prognosis and Therapy. Plurihormonal tu-

mors are usually managed surgically; the use of

medical therapy would be predicated on the hor-

monal profile of the individual tumor. There is

insufficient information to assess whether

plurihormonality alters the prognosis compared

with usual tumor types. It has been suggested that

the silent subtype III adenoma is a more aggres-

sive adenoma that is prone to recurrence but is

also relatively radiosensitive (335).

PITUITARY APOPLEXY

Definition. Acute hemorrhagic necrosis of a

pituitary adenoma may lead to rapid tumor ex-

pansion and cause severe headache, lethargy,

coma, or other signs of increased intracranial

pressure. The term pituitary apoplexy defines

this complex series of clinical events that results

from fulminant expansion of a pituitary tumor

because of infarction and hemorrhage.

Figure 3-149

ULTRASTRUCTURE OF
SILENT SUBTYPE III ADENOMA

This very unusual and aggressive plurihormonal pituitary

tumor is characterized by ultrastructural parameters. The
nuclei contain spheridia (arrow), which are unusual in other

pituitary adenomas. The cytoplasm is fdled with tightly

packed endoplasmic reticulum and highly developed, quite

tortuous Golgi complexes. Secretory granules tend to be sparse

and accumulate in cell processes. Cell membranes show com-

plex interdigitations and are difficult to identify in these

tumors. Mitochondria are numerous and sometimes dilated.

Clinical Features. This endocrine emer-

gency is characterized by the sudden onset of

headache, visual impairment, and cranial nerve

palsies due to acute enlargement and necrosis of

a pituitary mass (fig. 3-150). Most patients have

no history of a pituitary adenoma prior to the

apoplectic episode, however, in some cases the

necrosis is precipitated by carotid angiography

during the course of investigation of a sellar

mass or during radiation therapy of a known
pituitary tumor. Other predisposing factors in-

clude trauma, coagulopathies, temporal artentis.
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diabetes mellitus, and atherosclerosis. The clinical

spectrum of presentation ranges from acute head-

ache to sudden death. The patient often complains

ofdiplopia from compression ofthe oculomotor and

abducens cranial nerves due to increased pressure

within the cavernous sinus. Other neurologic fea-

tures include altered consciousness, motor weak-

ness, signs of meningeal irritation, and diabetes

insipidus. Acute hypopituitarism often contrib-

utes to morbidity and mortality.

Morphologic Findings. Pituitary adenomas

can exhibit degenerative features such as infarc-

tion and hemorrhage (figs. 3-151, 3-152); some

develop cysts and even calcify. The term “apoplexy”

is generally reserved for those extreme cases in

which clinical signs of compression of perisellar

structures or meningeal irritation occur follow-

ing pituitary infarction or hemorrhage.

Prognosis and Therapy. When pituitary

apoplexy is suspected, glucocorticoids should be

immediately administered. Fluids and electro-

Ijdes should be carefully monitored for either

diabetes insipidus or syndrome of inappropriate

secretion of antidiuretic hormone (SIADH). The
clinical course is often unpredictable and spon-

taneous recovery may occur (350). Patients with

severe visual impairment or altered level of con-

sciousness, however, require urgent surgical de-

compression. The likelihood of visual recovery

depends more on early decompression than the

extent ofthe initial visual deficit. Transsphenoidal

decompression is the preferred approach. Postop-

erative anterior and posterior pituitary function

assessment is essential since long-term hormone

replacement is often necessary.

ASSOCIATED DISORDERS—
MULTIPLE ENDOCRINE NEOPLASIA

The multiple endocrine neoplasia (MEN) syn-

dromes are familial disorders in which neo-

plasms arise de novo in several endocrine tis-

sues. The syndromes are classified according to

their pattern of clinical presentation. Pituitary

adenomas are integral components of the type 1

(MEN-1) syndrome; other MEN syndromes are

not usually associated with pituitary pathology.

In 1954, Wermer (357) described the syn-

drome which now bears his name and is charac-

terized by the association of parathyroid hyper-

plasia, pituitary adenomas, and endocrine

Figure 3-150

RADIOLOGY OF PITUITARY APOPLEXY
A pituitary adenoma has undergone necrosis and recent

hemorrhage which is detectable as a hyperintense area on

Tl-weighted MRI. ( Courtesy ofDr. S. Ezzat, Toronto, Canada.

)

tumors of the pancreas. This disorder is inher-

ited with an autosomal dominant genetic pat-

tern; the causative gene, localized to chromo-

some 11 (llql3), was recently cloned (352) and

encodes a putative tumor suppressor (see chap-

ter 3). Other neoplasms such as adrenocortical

and thyroid adenomas; endocrine tumors of the

lung, gut, and other dispersed endocrine cells;

lipomas; and pinealomas occur more frequently

in patients with the MEN syndromes than in the

general population (353,354). The neoplasms

may arise synchronously but are more often

diagnosed in a metachronous fashion.

Pituitary adenomas occur in approximately

two thirds of patients with MEN-1 (353,354).

They may be multicentric (355,356), although

proofofthis can be difficult to obtain. It has been
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Figure 3-151

PITUITARY APOPLEXY
This autopsy specimen reveals extensive hemorrhage in

a large pituitary adenoma that resulted in clinical features

of apoplexy. (Courtesy of Dr. J.M. Bilbao, Toronto, Canada.)

suggested that these patients may have an un-

derl5dng hyperplastic process similar to that

seen in the parathyroids and pancreases of pa-

tients with MEN-1 (353,354), however, there is

no reported evidence of this change.

Pituitary tumors of all types and producing

any of the adenohypophysial hormones occur in

patients with MEN-1, however, hormonally ac-

tive adenomas are more common in this group of

patients than in the general population with

sporadic pituitary adenomas (353). There is a

preponderance of adenomas secreting PRL, GH,
or both of those hormones (355). Hypersecretion

ofACTH is less frequent than secretion ofGH or

PRL. Clinically nonfunctioning pituitary adeno-

mas are less common in patients with MEN-1
than in those with sporadic pituitary adenomas.

The morphologic features ofboth adenoma types

are indistinguishable.

The pathophysiology of MEN-l-associated

adenomas is unknown. It has been suggested

that ectopic production of hypophysiotropic hor-

mones by, for example, pancreatic lesions, may
play a role in the development of these pituitary

adenomas (351). While it is now clear that the

tumors have a genetic basis, it may be that

hormonal factors are involved in the determina-

tion of hormonal activity and account for the

more common hypersecretory syndromes of pi-

tuitary adenomas associated with MEN-1.

Figure 3-152

PITUITARY APOPLEXY
This surgically resected pituitary adenoma exhibits ex-

tensive necrosis, consistent with the clinical presentation of

apoplexy in a patient with known acromegaly.

ECTOPIC ADENOMAS

Ectopic pituitary adenomas are rare, but well

documented. They have been reported in the

sphenoid sinus (fig. 3-153) and parapharyngeal

region (359,362,365,367,368). It is not surprising

that these tumors can arise in such locations,

since remnants of embryonic adenohypophysis

may be deposited along the path ofthe developing

Rathke’s cleft and these remnants are known to

contain all the hormone-producing cell types foimd

in the normal gland. Ectopic adenoh3q>ophysial

tissue has also been described in a suprasellar

location in up to 20 percent of people (361) and

suprasellar or parasellar tumors may develop

accordingly (360). Curious sites of reported

ectopic pituitary adenomata include the middle

nasal meatus and the petrous temporal bone
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Figure 3-153

MAGNETIC RESONANCE
IMAGING OF AN ECTOPIC

PITUITARY ADENOMA
(T2 WEIGHTED)

This patient had glucocorticoid ex-

cess and a biochemical profile that was
highly suggestive ofCushing’s disease.

Scans failed to document an intrasel-

lar mass but a tumor was identified

arising in and occupying much of the

sphenoid sinus. This was character-

ized as a corticotroph adenoma by
histology, immunohistochemistry,
and electron microscopy. (Courtesy of

Dr. S. Ezzat, Toronto, Canada.)

(367), the clivus (358), and the hypothalamus

(364,366), including the third ventricle (363).

The age and sex of patients with ectopic ade-

nomas are similar to those reported for intrasel-

lar pituitary adenomas. However, the proportion

of hormonally active tumors is higher than

among sellar lesions and the most common en-

docrinologic abnormality is Cushing’s disease,

unlike the situation concerning intrasellar ade-

nomas (359,369).

When clinical syndromes of pituitary hor-

mone excess are not associated with detectable

intrasellar pathology, the possibility of ectopic

sites oftumor development should be considered

(365). CT and MRI examination can be helpful

in delineating the lesion and determining its

relationship to the sella (369). Occasionally,

ectopic pituitary adenomas are associated with

intrasellar pituitary tumors (367). Clinically

nonfunctioning ectopic pituitary adenomas may
present with local mass effects (365). The diag-

nosis ofpituitary adenoma in these unusual sites

requires rigorous confirmation by immunohisto-

chemistry and electron microscopy.

PATHOGENESIS OF
PITUITARY ADENOMAS

For many years there has been controversy

regarding the basis of pituitary tumorigenesis.

The two prevailing theories have pitted hor-

monal stimulation against an intrinsic pituitary

defect (378,441,450).

The evidence supporting a hormonal etiology

includes: 1) paradoxical pituitary hormone re-

sponses to exogenous hormonal stimulation that

are characteristic of pituitary adenomas; 2) the

development of pituitary adenomas in situations

of excessive hypothalamic hormone stimulation

or reduced feedback suppression by target gland

hormones; and 3) hypothalamic hormone pro-

duction within the anterior pituitary that sug-

gests a role for local excess stimulation.

Persuasive arguments against a hormonal eti-

ology are: 1) the rarity of hyperplastic changes

associated with adenomas; 2) the lack oftrue ade-

nomatous changes in the pituitary even after long

and sustained exposure to hypothalamic hormone

stimulation in some instances; and 3) the low
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frequency of recurrence following successful

tumor resection. Additionally, some pituitary ad-

enomas have been shown to lack hypothalamic

hormone receptor synthesis (375). Most compel-

ling, however, is the growing body ofevidence in

favor of intrinsic pituitary cell defects account-

ing for the development of these lesions.

An integrated approach reconciling the two

proposed theories of tumorigenesis applies the

multistep theory of carcinogenesis. It is likely

that the majority of pituitary adenomas develop

from transformed cells that are, nevertheless,

dependent on hormonal stimulation for tumor

promotion (378).

Hormonal Basis of Pituitary Tumorigenesis

This theory has received support from a sub-

stantial body of evidence that GRH can cause

somatotroph proliferation (387) and from the

well-documented development of somatotroph

h3rperplasia in patients with extrahypothalamic

tumors secreting GRH (454,467). In addition,

hypothalamic tumors containing GRH have

been associated with sparsely granulated

somatotroph adenomas (384). In vitro, human
somatotroph adenoma cells are known to re-

spond to GRH stimulation (371,372,423,435,

464,474), indicating the presence ofGRH recep-

tors on these tumors, but they lack the down-reg-

ulation characteristic of normal somatotrophs

(423,464). Thus it would appear that GRH stim-

ulation may play a role in the development of

these tumors. Moreover, an animal model of

GRH excess, transgenic mice overexpressing

GRH, has proven that chronic overstimulation

alone can result in tumor formation (381,433).

However, in situations of GRH excess, the pitu-

itary GH-producing adenomas were associated

with hyperplasia of GH-producing cells, a phe-

nomenon that is distinctly rare in patients with

sporadic pituitary GH-producing adenomas
(452). Moreover, in humans, continuous over-

stimulation by ectopic GRH does not alone result

in adenoma formation (396).

The pathogenesis of lactotroph adenomas
may involve defective inhibition by hypotha-

lamic dopamine or excessive stimulation by a

putative PRL-releasing factor such as TRH or

vasoactive intestinal peptide (VIP) (441). The
presence of lactotroph hyperplasia in the tissue

siuToimding lactotroph adenomas in some cases

(383,452) supports this theory. Lactotrophs are

known to proliferate during pregnancy (383,458)

and estrogen has also been imphcated as a PRL-

stimulating factor. In the late 1970s administra-

tion of oral contraceptives was implicated in

rapid increases in size and secretion of some

lactotroph adenomas (412) and was thought to be

responsible for a possible increase in the inci-

dence of lactotroph adenomas; it is more likely

that the latter reflects increased awareness ofthe

entity soon after the discovery of PRL. Although

high doses of estrogen undoubtedly stimulate

lactotrophs, and a few lactotroph adenomas may
grow during pregnancy (388), these tumors are

not more numerous or larger during gestation

(458) and there is little evidence that low dose

oral contraceptives play a significant role in

tumor pathogenesis.

The role of decreased hypothalamic inhibition

was supported by some authors who found vas-

cular changes, including arteriogenesis, in

lactotroph adenomas. They speculated that the

neovascularization from the systemic circulation,

which has neghgible levels of dopamine, allowed

lactotrophs to escape dopaminergic tonic inhibi-

tion (456); it was also shown that estrogens stim-

ulate vascular reorganization and arteriogenesis

(455). However, systemic blood is known to con-

tribute to the adenohypophysial blood supply in

normals (409) and the imphcation of neovascular-

ization as a causative factor in the pathogenesis of

lactotroph adenomas remains unproven. More-

over, knockout mice lacking pituitary dopamin-

ergic D2 receptors develop lactotroph hyperpla-

sia but not adenoma (424).

The hormonal regulation ofthyrotroph adeno-

mas has been shown to be abnormal as well as

highly variable (386,402,463,469). While some

tumors can be suppressed by dopamine (402,

463), the dopaminergic resistance may implicate

altered or absent dopamine receptors as an etio-

logic factor (386). Patients with longstanding

primary hypothyroidism develop pituitary thy-

rotroph hyperplasia and associated lactotroph

hyperplasia; this proliferation has been attrib-

uted to TRH stimulation. These patients exhibit

a spectrum of hyperplasias and neoplasias

(406,457), suggesting that continuous stimula-

tion leads to thyrotroph adenoma (417).
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The postulated etiology ofCushing^s disease has

shown tremendous flux since Cushing’s descrip-

tion in the 1930s of a primary pituitary disorder

(428). In the 1940s, the documentation of adrenal

hyperresponsiveness to ACTH and the presence of

Crooke’s hyalinization in the pituitary brought a

primary adrenal etiology to the fore. In contrast,

the autopsy documentation of lesions in the

paraventricular nucleus ofpatients with Cushing’

s

disease suggested that the hypothalamus may he

the site ofprimary pathology; this was supported

by reports of Cushing’s disease associated with

increased intracranial pressure due to intracran-

ial tumors and regression of Cushingoid symp-

tomatology following tumor removal. In the

1950s, the trend implicating the pituitary as the

site ofprimary pathology returned, with the recog-

nition of the therapeutic efficacy of pituitary irra-

diation or microsurgical removal of an adenoma.

Nevertheless, it has been recognized in the lasttwo

decades that patients with Cushing’s disease may
have other associated neuroendocrine and electro-

encephalogram abnormalities. Reports ofa thera-

peutic response to antiserotoninergic or anti-

dopaminergic agents reverted attention to the

hypothalamus (427). Long-term follow-up of pa-

tients who have undergone transsphenoidal re-

section of microadenomas has indicated recur-

rence of disease in some. A few patients with

pituitary Cushing’s disease have corticotroph

hyperplasia as the cause of the disorder in the

absence of a discrete adenoma (425). These find-

ings have implicated CRH excess in the patho-

genesis of Cushing’s disease (428).

Lack of suppressibility of corticotroph adeno-

mas by glucocorticoids was suggested by one study

(436) as a mechanism involved in the pathologic

ACTH secretion in Cushing’s disease and Nelson’s

syndrome. This report has not been confirmed by

other investigators. The characterization of CRH
in 1981 permitted its identification in a number of

extra-pituitary tumors associated with a clinical

picture resembling Cushing’s disease; in some of

those tumors there was corticotroph hyperplasia

( 393,404 ). In one instance, a hypothalamic ganglio-

cytoma producing CRH was associated with cor-

ticotroph hyperplasia and Cushing’s disease ( 382 ).

These experiments suggested that CRH may play

a role in the proliferation of corticotrophs, and

animal studies using continuous infusion ofCRH
have confirmed that prolonged exposure to CRH

leads to increased numbers of corticotrophs

(379,405,440). However, it is yet to be proved

that CRH alone causes pituitary corticotroph

adenoma. As is the case with GH-producing tu-

mors, the pathogenesis is probably multifacto-

rial and CRH may play a role in the promotion

of tumor cell proliferation (378).

The occurrence of gonadotroph adenomas in

patients with hypogonadism has suggested that

the chronic stimulation resulting from primary

gonadal failure may play a role in the formation

and growth of these adenomas (461). Animal

models have supported this theory (444); never-

theless, the majority ofgonadotroph adenomas are

not associated with underl3dng hypogonadism or

evidence of chronic hypothalamic stimulation in

the adj acent nontumorous adenohypophysis (452

)

and appear to arise spontaneously.

Molecular Basis ofPituitary Ttunorigenesis

Clonality Studies in Pituitary Adenomas.
The technique of clonality assessment using X
chromosome inactivation patterns evolved from

the Lyon hypothesis, which states that only one X
chromosome is active in any female somatic cell;

the inactivation occurs early in embryogenesis and

persists throughout the lifespan of the cell and its

progeny. Several studies have shown that pituitary

adenomas exhibit a pattern of monoclonality

based on X chromosome inactivation (373,416).

Most lesions that displayed a polyclonal pattern

were contaminated with normal pituitary tissue;

the small size of adenomas associated with

Cushing’s syndrome in particular has con-

founded the interpretation of the clonal status of

these tumors (407,416,459).

Oncogenes and Tumor Suppressor
Genes in Pituitary Adenomas. Although pitu-

itary adenomas are monoclonal proliferations, so-

matic mutations that have been identified in other

malignancies are usually absent in these tumors

and the events leading to pituitary tumorigenesis

remain unknown. Afew candidate oncogenes and

tumor suppressor genes have been implicated.

G-proteins are heterotrimeric membrane-an-

chored peptides which are involved in transducing

signals from cell surface ligand-receptor com-

plexes to downstream effectors. The a-subunit dis-

sociates from the p- and y-subunits of Gs when
guanosine triphosphate (GTP) displaces bound
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guanosine diphosphate (GDP), stimulating ad-

enylyl cyclase to produce adenosine monophos-

phate (AMP) from adenosine triphosphate

(ATP). Cyclic AMP (cAMP) in turn activates

cAMP-dependent protein kinases, increases in-

tracellular calcium transport, and may potenti-

ate the effect of activated inositol phospholipid-

dependent protein kinases. The weak intrinsic

GTPase activity of Gsa and the action of GTPase
activating peptides (GAP) dissociates GTP from

Gsa and terminates the response. Single point

mutations in two critical domains of the Gsa suh-

unit resulted in constitutive activation and were

identified in several endocrine tumors; a codon

201 change from arginine to cysteine or a codon

227 mutation resulting in an arginine substitu-

tion for glycine inhibited hydrolysis of GTP.

These G-protein or Gsp mutations were first

described in a subset of somatotroph adenomas

(437,470). Subsequent studies, however, have

identified this highly conserved mutation in a

small number of nonfunctional pituitary adeno-

mas as well ( 468 ). In patients with acromegaly,

Gsp mutations were found to be associated with

higher GH levels by some investigators ( 429 ) but

not others (414). Furthermore, the presence ofthis

mutation appears to correlate with a densely gran-

ulated ultrastructural appearance (462) and pos-

sibly greater responsiveness to inhibition by the

somatostatin analog, octreotide (397).

Supportive evidence for the pivotal role of

cAMP in mediating somatotroph differentiation

and tumorigenesis is provided by an animal

model. Targeted overexpression of the cholera

toxin in the somatotroph results in pituitary

tumors and gigantism in transgenic mice (390).

Mutations of the ras genes are uncommon in

pitmtary adenomas (392,415,447), however there

is one report of a highly aggressive prolactinoma

with a mutation of codon 12 of H-ras (421). In

contrast, ras mutations have been detected in

pituitary carcinomas, suggesting that this muta-

tion may be a requisite event for malignant trans-

formation. Conserved mutations in the V3 region

of the a-isoform of the signaling kinase, protein

kinase-C (PKC), have been described in a selected

series of invasive pituitary adenomas (377 ).

Inactivation of both alleles of the putative

MEN-1 tumor suppressor site at llql3 was ini-

tially regarded as a potential “hot spot” for spo-

radic pituitary adenomas. Indeed, deletions of

significant portions of this locus were described

in some early reports (391). Subsequent studies,

however, have shown allelic deletions in only a

minority of sporadic functional and nonfunc-

tional adenomas (389,415). In some instances,

this genetic material loss was associated with

Gsa mutations (415,466) or ras heterozygosity.

Only a relatively small number of pituitary ade-

nomas from patients with MEN-1 have been ex-

amined for loss of chromosome llql3 genetic

material. While most pituitary adenomas are

composed of a monoclonal cell population, there is

evidence that loss ofheterozygosity (LOH) at the

llql3 site is a rare event in sporadic adenomas
(476). Since the recent cloning and characteriza-

tion of the gene responsible for MEN-1 (394) it

has been possible to determine that germline

mutations of the menin gene are associated with

LOH of the normal allele in pituitary adenomas
of patients with MEN-1, but that mutations and

LOH of this gene are rare in sporadic pituitary

adenomas, occm-ring in only approximately 5 per-

cent of such lesions (478).

The retinoblastoma {Rb) gene is another mem-
ber of the family of tumor suppressor genes that

has been implicated in several neoplasms includ-

ing retinoblastoma and osteosarcoma. Mice het-

erozygous for an Rh mutation develop pituitary

tumors of intermediate lobe corticotroph differ-

entiation (418,419). Paradoxically, however, no

such mutations have been identified in human
pituitary adenomas (395,477). Instead, prelimi-

nary data shows LOH at sites telomeric and

centromeric to the Rb locus in some aggressive

pituitary adenomas (446). These data argue for

an independent tumor suppressor gene on 13q

which is closely linked with but is not Rb.

Another interesting finding is the absence of

mutations or deletions in the p53 tumor suppres-

sor gene (415,465) and lack ofmutations or over-

expression of the c-erbB-2/neu proto-oncogene

(401) in pituitary adenomas.

Growth Factors and
Pituitary Tumorigenesis

Growth factors are polypeptides which acti-

vate growth-promoting pathways to induce cells

to enter and proceed through the cell cycle. They
are considered to play an important role in the

multistep pathway of tumorigenesis. A number
of oncogene products are homologous to growth
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factors, their receptors, or enzymes that partici-

pate in the mitogenic process. In several sys-

tems, growth factors have been shown to interact

with specific membrane receptors in regulating

cell growth and gene expression in an autocrine

or paracrine manner.

A number of peptide growth factors, classified

into several major families, regulate cell replica-

tion and functional differentiation by directly al-

tering the expression of specific genes (451). Some
are known to affect hormone production and some

are, in turn, modulated by hormones (398). A few

have been identified in the hypothalamus and play

a physiologic role in pituitary regulation (380).

The pituitary is also a site ofboth synthesis and

action of growth factors (398,471). A number of

growth factors have been identified in adenohypo-

physial cells, including insulin-hke growth factors-

I and -II (IGF-I, IGF-II), epidermal growth factor

(EGF), nerve growth factor (NGF) (445), trans-

forming growth factor-alpha (TGF-a), trans-

forming growth factor-beta (TGF-P), and basic

fibroblast growth factor (bFGF). Several par-

tially characterized pituitary-derived growth fac-

tors have also been described (398,471), including

thyroid hormone-inducible growth factor, vascular

endothelial growth factor (410), mammary cell

growth factor (443), adrenal growth factor (453),

chondrocyte growth factor (420,422), and adipo-

cyte growth factor. Some of these are released by

pituitary cells in vitro. These substancesmaymod-
ulate hormone production as well as cell growth

in human pituitary adenomas. The regulation of

circulating or pituitary-derived growth factors

and their respective receptors may, therefore, be

important determinants of pituitary cell func-

tion and trophic hormone secretion. Limited pre-

liminary evidence suggests that human pitu-

itary tumor cells produce multiple peptides

which stimulate rat adenohypophysial cell rep-

lication in vitro (472). The relative significance

of these different growth factors in human pitu-

itary adenomas remains to be established, how-

ever, several have been implicated in the patho-

genesis of these tumors.

TGF-a is expressed as a membrane-anchored
protein by human adenohypophysial cells and
tumors (400). TGF-a may alter pituitary produc-

tion of GH, PRL, and TSH as well as cell prolif-

eration (403). Estrogen stimulation has been

implicated in pituitary tumorigenesis (426) and

TGF-a appears to mediate some estrogenic ef-

fects (442). Targeted overexpression of TGF-a
under the control of the PRL promoter results in

lactotroph adenomas (439), providing compel-

ling evidence for the significance of this growth

factor in pituitary tumorigenesis.

EGF is expressed by human pituitary tumors

(431). It is detectable by immunohistochemistry

in most adenohypophysial cells and its mRNAis
expressed with marked variation in all types of

functional and nonfunctional adenomas. Like

TGF-a with which it shares a receptor, it may
have a paracrine or autocrine mechanism for

regulation of pituitary cell growth and hormone

production (431).

The common receptor of EGF and TGF-a,

EGF-R, is a 170-kD plasma membrane protein

product of the proto-oncogene v-erb^. Its cyto-

plasmic domain requires intrinsic tyrosine ki-

nase activation. This activating signal may ar-

rive from ligand-induced conformational change

in the extracellular domain. Alternatively, the

kinase site is regulated by interoceptor associa-

tion-dissociation in a homodimeric or hetero-

dimeric fashion. EGF-R is overexpressed in sev-

eral types of human cancers and in most
instances this overexpression is accompanied by

TGF-a expression; expression of this receptor

appears to correlate with tumor aggressiveness.

EGF-R is expressed by pituitary adenomas, with

the highest levels detected in recurrent somato-

troph adenomas and aggressive silent subtype

III adenomas, suggesting a selective mechanism
for the EGF/EGF-R family in the growth of ag-

gressive pituitary tumors (431).

The TGF-P family is represented in at least

three different forms in the pituitary. Inhibins

and activins consist of 2 homodimeric or

heterodimeric polypeptide subunits derived

from a common precursor (475); inhibin A (a-[3A)

and inhibin B (a-^B) selectively inhibit the re-

lease of FSH from pituitary gonadotroph cells

whereas activin (pA-(3B), activin A(pA-PA), and
activin B (pB-^B) stimulate its release. Inhibin

subunits are expressed by pituitary gonadotroph

adenomas (376,413) and activin is known to

stimulate hormone secretion by these tumors

(374). Activin effects are mediated by two kinds

of binding proteins, activin receptors and
follistatin (475); the former are required for

activin binding, but follistatin binds the protein
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resulting in decreased activity. Activin receptors

are expressed in gonadotroph adenomas and

interestingly, follistatin expression is reduced or

absent in some, suggesting the possibility of

enhanced activin stimulation as a pathogenetic

mechanism in the development ofthese common
pituitary tumors (448).

Basic fibroblast growth factor (bFGF, also

known as FGF-2) is 1 of 9 members of the FGF
family that has potent mitogenic, angiogenic, and

hormone regulatory functions (438). bFGF im-

munoreactivity was described originally in the

nonhormone-producing bovine pituitary

folliculo-stellate cells that have been implicated

in paracrine regulation within the adenohy-

pophysis (411). bFGF has been shown to regulate

GH, PRL, and TSH secretion by the hormone-

producing adenohypophysial cells of the rodent

pituitary (385,430). bFGF is produced by human
pituitary adenomas (399,432,434). Pituitary-de-

rived bFGF stimulates replication of PRL-secret-

ing cells but also may inhibit DNA synthesis in

pituitary adenoma cells (449), suggesting that

some forms ofthe growth factor or its receptor may
act as a grovdh inhibitor. Elevated blood concen-

trations ofbFGF-like immimoreactivity have been

noted in patients with multiple endocrine neopla-

sia (MEN)-l (479) and in patients with sporadic

pituitary adenomas (399). The FGF-related hst

gene has been found in transforming DNA of

human PRL-secreting tumors (408) and trans-

fection studies have shown that hst facilitates

lactotroph proliferation in vivo and in vitro (460).

Transgenic mice expressing bFGF under the con-

trol of the GH and a-subimit promoters developed

hyperplasia ofseveral adenohypophysial cell types

but not fi:’ank adenomatous changes (473). Re-

cently, altered FGF receptors were identified in

pituitary adenomas, including a novel truncated

kinase isoform ofFGFR4 (370). These data suggest

that a member of the FGF family or the FGF
receptor family may play an important role in

pituitary tumorigenesis.
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PITUITARY CARCINOMA

Definition. Classic definitions hold that be-

nign tumors do not invade adjacent tissues or

metastasize to different sites, whereas malignant

trunors, or cancers, have the ability to do either or

both. In the pituitary, however, the definition of

malignancy is still the subject ofsome debate. Most

investigators classify pituitary tumors that exhibit

lymphatic or hematogenous spread as malignant.

The criterion ofinvasive growth, although rela-

tively common in pituitary tumors (11-13), is not

generally accepted as indicative of malignancy

since invasive adenomas do not have the potential

to metastasize. The biologic behavior of these le-

sions is more akin to that ofa basal cell carcinoma

or pleomorphic adenoma of salivary gland; they

can invade aggressively and defy surgical cure,

and ultimately precipitate a lethal outcome.

Clinical Features. Primary pituitary carci-

noma is exceedingly rare. Since it can be diagnosed

with certainty only when patients have metastatic

tumor deposits, the initial clinical presentation is

usually that of a pituitary adenoma. Pituitary

carcinomas have been associated with a number of

clinical syndromes including hyperprolactinemia

(9.10.17)

,
Cushing’s disease (2,4,10), more rarely,

acromegaly ( 14) and even hyperthyroidism due to

thyroid-stimulating hormone (TSH) excess (7). In

some cases, the tumors have been unassociated

with clinical or biochemical evidence of hormone
excess (5,6); one well-differentiated gonadotropic

tumor behaved in a malignant fashion ( 16).

Due to the spectrum of clinical presentations

associated with pituitary carcinomas, the bio-

chemical features vary considerably. They may
follow any of the patterns of functioning pitu-

itary tumors with hormone excess ofany type, or

they may be unassociated with hormone excess

and manifest with variable hypopituitarism.

Radiologic Findings. Radiologic investiga-

tion can confirrn the presence ofmetastatic tumor

deposits in a patient with a pituitary tumor. These

may involve various sites, including widespread

dissemination throughout the subarachnoid space

(2,4,5), cervical l3nnph nodes (6), distant bony sites

(7.17)

,
fiver and lungs (7,17), and other extracra-

nial sites. Skull X rays and computerized tomog-

raphy (CT) and magnetic resonance imaging

(MRI) scans usuedly reveal a locally invasive

lesion that may extend beyond the sella turcica

and into parasellar structures. Cranial nerves

and adjacent brain structures may be involved.

Morphologic Findings. Pituitary carcino-

mas have no well-defined morphologic criteria

apart from the presence ofmetastases. They gen-

erally exhibit hypercellularity, nuclear pleomor-

phism, mitoses, necrosis, hemorrhage, and inva-

sion but these are not reliable indicators of

malignancy since they are found in pituitary

adenomas; in par ticular, invasive adenomas are

well recognized and yet appear to have no poten-

tial for malignant spread ( 12). A necessary crite-

rion for the diagnosis is, therefore, metastasis to

remote areas of the cerebrospinal subarachnoid

space, brain parenchyma, or extracranial sites

including lymph nodes, lungs, fiver, or bone.

Immunocytochemistry and electron micros-

copy cannot diagnose malignancy, but play a role

in characterizing pituitary carcinomas. They
generally allow classification of the tumor ac-

cording to the criteria described for adenomas.

In some cases, the tumor cells may be poorly

differentiated; immunohistochemical and fine

structural features may only reveal endocrine

differentiation of the tumor.

Pathogenesis. The rarity of these cases does

not allow valid conclusions concerning the patho-

genesis of pituitary carcinoma. Point mutations in

the H-ras gene have been reported in metastatic

deposits from three pituitary carcinomas, but not

in their respective primary lesions (8), or in several

other carcinomas examined (1,8). Transforming

DNA sequences of the hst gene have been identi-

fied in prolactinomas (3), but the significance oihst

expression is unknown. p53 immunoreactivity has

been reported in pituitary carcinomas, but there is

as yet no indication ofwhether this reflects muta-

tion of this tumor suppressor gene (15).

Prognosis and Therapy. In general, patients

who develop mcifignant tumors of the adenohypo-

physis have a poor prognosis. The number of

published cases is insufficient to draw conclu-

sions concerning appropriate therapy.
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TUMORS OF THE HYPOTHALAMUS AND NEUROHYPOPHYSIS

The location of the pituitary gland makes it

subject to involvement by lesions that arise in

the central nervous system tissues adjacent to it.

It is, therefore, the site of primary neuronal

tumors, gliomas, and lesions of the dura and

leptomeninges. In addition, the posterior pitu-

itary is the site of the rare granular cell tumor.

The morphologic features of tumors of the cen-

tral nervous system are reviewed in detail in

another Fascicle in this series (5) and the reader

is referred to that text for further information.

The unusual clinical or morphologic features

peculiar to this location are discussed here.

NEURONAL TUMORS

Definition. Hypothalamic neuronal tumors

are rare neoplasms that have been reported in

the literature as “gangliocytomas” or

“ganglioneuromas” (16). These lesions are com-

posed of mature neurons resembling hypotha-

lamic ganglion cells and are capable ofproducing

hypothalamic peptides; this is the main reason

for implying that they are hypothalamic in deri-

vation. Some authors prefer to consider them
hamartomas because they occur in children and

it is thought that they represent developmental

anomalies. In other instances, they are named
ganglioneuromas or gangliocytomas because

there is evidence that they represent neoplasms

which may have their onset in adulthood and are

capable of continued growth. Such tumors have

also been described in other parts of the brain as

extra-hypothalamic gangliocytomas (7). A few au-

thors have used the term “choristoma” to describe

collections of hypothalamic neurons within the

adenohypophysis proper ( 19,20).

Clinical Features. The presentation ofthese

lesions may be attributable to mass effects; they

may present as sellar, suprasellar, or hypotha-

lamic masses. Hypothalamic tissue destruction

results in hypothalamic disturbances that affect

temperature and appetite regulation and neuro-

logic symptoms such as mental retardation or

tonic-clonic seizures. Suprasellar masses can re-

sult in hypopituitarism with hyperprolactin-

emia and visual field defects; sellar lesions may
result in partial or total hypopituitarism.

In some instances, these tumors are hormonally

active and cause endocrinopathies that are usually

mediated by the pituitary gland. They have been

associated with acromegaly, precocious puberty,

Cushing^s disease, and amenorrhea-galactorrhea.

Radiologic Findings. The most common lo-

cation of these peculiar neoplasms is in the hy-

pothalamus or tuber cinereum, with different

grades of involvement of the third ventricle.

They may be outside the hypothalamus at the

base of the brain but attached to the hypothala-

mus by a thin connection. They may also be

found within the parenchyma of the ad-

enohypophysis. In particular, hypothalamic

hamartoma associated with acromegaly often

presents as a solitary intrasellar mass that mim-
ics a simple pituitary growth hormone-produc-

ing pituitary adenoma; microscopic examination

reveals a gangliocytoma associated with a pitu-

itary adenoma in such cases (2,3,13,19).

Gross Findings. The gross appearance of

hypothalamic gangliocytomas is very heteroge-

neous. They may be nodular, pedunculated, ses-

sile, solid, or cystic. They may be within, at-

tached to, or completely detached from the

hypothalamus. The color has been described as

pinkish gray, brown, or red. Necrotic areas are

occasionally found. They vary from microscopic

lesions composed of only a few cells and measur-

ing a few millimeters to masses that measure

more than 5 cm.

Histologic Findings. Hypothalamic neuro-

nal tumors are composed of randomly oriented,

large, mature ganglion cells (fig. 5-1). The neu-

rons vary in size and shape. They have large

nuclei and very prominent nucleoli; binucleated

and even multinucleated cells are seen. Most of

the ganglion cells contain abundant cytoplasm,

and Nissl granules are conspicuous at the periph-

ery of the cell body. The Bodian stain highlights

numerous processes that represent axons or

dendrites. Some tumors have a glial stroma as

well as calcification alternating with collagenous

stroma and blood vessel proliferation.
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Figure 5-1

HISTOLOGY OF HYPOTHALAMIC
NEURONAL GANGLIOCYTOMA

This tumor is composed of randomly oriented large neu-

rons that have abundant cytoplasm and Nissl substance at

the periphery of the cell body. Cell processes are readily

identified. Occasional binucleate forms confirm the tumor-

ous nature of this tissue.

Figure 5-2

HISTOLOGY OF HYPOTHALAMIC
GANGLIOCYTOMA ASSOCIATED WITH

PITUITARY ADENOMA
This hypothalamic tumor was associated with a pituitary

adenoma. At the junction between the two lesions there is

some intermingling of the two tumor types.

Hypothalamic gangliocytomas can be found

intermingled with nontumorous or hyperplastic

adenohypophysis. Several have been adjacent to

or intermingled with a frank adenoma of the

pituitary (figs. 5-2, 5-3). In cases of intimate

admixture within what appears to be a primary

intrasellar lesion, the neuronal component ofthe

tumor may be inconspicuous (fig. 5-4).

Immunohistochemical Findings. As neu-

ronal cell tumors, these lesions are positive for

synaptophysin and neurofilament (fig. 5-5). If

glial elements are present they stain with glial

fibrillary acidic protein (GFAP), and S-100 pro-

tein may be positive. Immunohistochemistry

with specific antisera demonstrates the presence

of peptides and hormones in the c}d:oplasm ofthe

neoplastic neuronal cells. In patients with acro-

megaly, the ganglion cells may contain growth

hormone-releasing hormone (GRH) (fig. 5-6),

glucagon, somatostatin, vasoactive intestinal

peptide (VIP), corticotropin-releasing hormone

(CRH), gonadotropin-releasing hormone
(GnRH), and gastrin (2,3,13,21); associated pitu-

itary adenomas generally contain growth hor-

mone (fig. 5-7). In patients with amenorrhea-

galactorrhea, prolactin and VIP have been

localized in the cytoplasm of ganglion cells of

intrasellar gangliocytoma (13). Tumors associ-

ated with Cushing’s disease contain CRH (1,17);

some authors have detected adrenocorticotropic
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Figure 5-3

HYPOTHALAMIC
GANGLIOCYTOMA
ASSOCIATED WITH

PITUITARY ADENOMA
These lesions can present as a solitary

sellar mass. Only microscopic examina-
tion confirms the presence of a hypotha-

lamic tumor within the parenchyma of a

pituitary adenoma. In this instance, the

neuronal elements are conspicuous; mul-

tinucleate ganglion cells are readily iden-

tified and the neuropil provides stroma for

the pituitary adenoma.

Figure 5-4

HYPOTHALAMIC
GANGLIOCYTOMA
ASSOCIATED WITH

PITUITARY ADENOMA
This pituitary adenoma contains only

a few scattered neuronal cell bodies. A
high index of suspicion is sometimes re-

quired to identify this neuronal compo-
nent in a pituitary tumor.

Figure 5-5

IMMUNOHISTOCHEMICAL
LOCALIZATION OF
NEUROFILAMENT IN

HYPOTHALAMIC GANGLIOCYTOMA
This patient had acromegaly and a

sellar hypothalamic gangliocytoma asso-

ciated with a pituitary adenoma. The gan-

glion cells are immunoreactive for the

neurofilaments that decorate the neuro-

nal cell bodies and axonal processes.
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Figure 5-6

IMMUNOHISTOCHEMICAL LOCALIZATION OF
GROWTH HORMONE-RELEASING HORMONE

IN HYPOTHALAMIC GANGLIOCYTOMA
This patient had acromegaly and a sellar hypothalamic

gangliocytoma associated with a pituitary adenoma. The gan-

glion cells are immunoreactive for growth hormone-releasing

hormone (GRH); the pituitary adenoma ceOs are negative.

Eigure 5-7

IMMUNOHISTOCHEMICAL LOCALIZATION OF
GROWTH HORMONE IN A PITUITARY
ADENOMA ASSOCIATED WITH A
HYPOTHALAMIC GANGLIOCYTOMA

In this patient, a hypothalamic gangliocytoma was asso-

ciated with pituitary adenoma. The patient had acromegaly.

The pituitary adenoma cells are immunoreactive for growth
hormone while the neurons are not. The neurons in this

tumor were positive for GRH.

hormone (ACTH), p-lipotropin, and somato-

statin in the cjdoplasm of the tumor cells. Chil-

dren with precocious puberty have neuronal tu-

mors that contain GnRH (6,9, ID but may also

contain immunoreactivity for CRH, P-endor-

phin, and oxytocin (15). Some gangliocytomas

unassociated with clinical evidence of hormone
excess show multiple immunoreactivities, in-

cluding positivity for VIP, galanin, a-subunit,

somatostatin, and serotonin (22). Rarely, neu-

ropeptides are not detected in these lesions.

Ultrastructural Findings. Ganglion cell tu-

mors are characterized by the presence of large

mature neurons with large nuclei containing

prominent nucleoli (fig. 5-8). The cell bodies con-

tain well-developed endoplasmic reticulum, abun-

dant mitochondria, and neurofdaments. The

neuronal processes are filled with neuro-

filaments and neurotubules, and harbor numerous

small membrane-bound secretory granules; there

is not a well-recognized correlation between the

size or shape of the secretory granules and the

hormonal profile or clinical syndrome. Synaptic

formations are noted in some tumors and a few

contain membrane-bound autophagic vacuoles.

In a few cases there has been ultrastructural

evidence of an intimate association between neu-

rons and adenohypophysial cells, both adenoma-

tous and nontumorous. Gangliocytomas associ-

ated with acromegaly display nerve terminals
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Fi^re 5-8

ULTRASTRUCTURE
OF HYPOTHALAMIC
GANGLIOCYTOMA

This tumor is composed oflarge

neurons which have a hinucleate

morphology. The abundant cyto-

plasm contains well-developed

rough endoplasmic reticulum and
numerous mitochondria. While oc-

casional small secretory granules

are found within the cell body, the

C3doplasm is punctuated by neuro-

nal processes that contain accu-

mulations of secretory granules.

Figure 5-9

ULTRASTRUCTURE OF
HYPOTHALAMIC
GANGLIOCYTOMA
ASSOCIATED WITH

PITUITARY ADENOMA
This tumor is composed ofa mix-

ture of neurons and somatotrophs.

The neurons resemble those illus-

trated in figure 5-8 and the adeno-

matous somatotrophs have the char-

acteristic morphology of cells of a

sparsely granulated somatotroph

adenoma. Note the juxtanuclear fi-

brous bodies. Astrikingfeature isthe

interrelationship between the two

cell t3^es: neuronal processes inter-

digitate with the cytoplasm of ade-

nomatous somatotrophs.

intimately attached to sparsely granulated adeno-

matous somatotrophs (figs. 5-9, 5-10) (2,3,19,20).

An intrasellar gangliocytoma associated with

Cushing’s disease showed synaptic formation

with hyperplastic corticotrophs (1).

Pituitary Morphology Associated with
Hypothalamic Gangliocytoma. Acromegaly.

The sparsely granulated somatotroph adenoma
is the most common pituitary finding in patients

with acromegaly and a hypothalamic ham-
artoma. Of24 acromegalic patients in one review

(16), only 6 did not have a pituitary growth

hormone (GH)-containing adenoma. In two cases

there were no abnormalities ofthe somatotrophs

detected (2,8) and in two other cases, hyperpla-

sia of somatotrophs was seen (10,19).

Galactorrhea-Amenorrhea. The pituitary

morphology has not been thoroughly examined in

patients with galactorrhea and amenorrhea as-

sociated with hypothalamic ganglioc5doma (12,

14,18). One patient with these findings had a

lactotroph adenoma ( 13); another had a mixed GH-
and prolactin-producing pituitary adenoma (4).

Cushing’s Disease. Cushing’s disease associ-

ated with a CRH-containing intrasellar ganglio-

cytoma has been associated with corticotroph

hyperplasia (1). Two patients with Cushing’s

disease had gangliocytoma and corticotroph ad-

enoma (13,17).

Precocious Puberty. The morphology of the pi-

tuitary in patients with h3^othalamic ganglio-

cjdomas associated with precocious puberty has
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Figure 5-10

ULTRASTRUCTURE OF
HYPOTHALAMIC
GANGLIOCYTOMA
ASSOCIATED WITH

PITUITARY ADENOMA
Adenomatous sparsely granu-

lated somatotrophs with fibrous bod-

ies He within the neuropil ofneurons

in a hypothalamic gangliocytoma,

while neuronal processes are in di-

rect contact with the cytoplasm.

not been described. Continuous stimulation of

the adenohypophysis by GnRH should lead to

downregulation of receptors; however, the in-

creased level of plasma gonadotrophins does not

support this theory.

Differential Diagnosis. Gangliocytomas

are often of low cellularity and may be difficult

to distinguish from normal tissue. Atypical pitu-

itary adenomas, especially those composed of

Crooke’s cells which are large and contain abun-

dant cytoplasm (see figs. 3-93, 3-94), can be mis-

taken for gangliocytoma.

Pathogenesis. The pathogenesis of these le-

sions is not known. Their association with pitu-

itary adenomas in some patients suggests that

there may be a common causative mechanism.

It has been suggested that sellar gangliocytomas

may arise by abnormal differentiation during

neoplastic proliferation of adenohypophysial

cells, however, it is more likely that these tumors

have a true hypothalamic origin (16). The same
tumorigenic stimulus may result in tumors of

both hypothalamus and pituitary.

Prognosis and Therapy. These tumors are

diagnosed at the time of surgery and cure has

resulted from complete surgical resection (16).

However, despite apparent cure of the endocrine

disturbance, there may be radiographic evidence

of residual tumor. The outcome of surgery in the

small number of reported patients with these

lesions is worse than that for pituitary adeno-

mas, probably because of a higher incidence of

extrasellar involvement.

When total resection of the lesion cannot be

accomplished, the prognosis is varied. Most of

these neuronal tumors have an extremely low

proliferative potential and the overall prognosis

is good; a few have caused severe hypothalamic

destruction and have resulted in the death of the

patient ( 16, 20). Radiotherapy appears to amelio-

rate hormone excess but it does not appear to

prevent regrowth ofthe neuronal tumor ( 16); this

is similar to the experience with radiotherapy in

the treatment of ganglion cell tumors in the cere-

bral hemispheres. Medical therapy has been used

infrequently and has been targeted specifically at

correcting hormone excess syndromes.

GLIOMAS

Definition. Gliomas are neoplasms derived

from and composed of neuroglial cells. They in-

clude astrocytomas and glioblastoma multiforme,

oligodendrogliomas, and ependymomas. These tu-

mors have a wide range of biologic behavior.

Clinical Features. Gliomas of the hypothal-

amus that selectively involve the pituitary or

sella proper are rare (36,42). They can mimic

pituitary adenomas, presenting as sellar mass

lesions. Tissue destruction can result in h3qjotha-

lamic hypopituitarism and decreased dopamin-

ergic inhibition of prolactin may cause hyperpro-

lactinemia. Aggressive and rapidly lethal gliomas

occur following radiation therapy for pituitary ad-

enoma, craniopharyngioma, or suprasellar ger-

minoma (26-34,40,44). These tumors occur from
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Figure 5-11

SUPRASELLAR
PILOCYTIC ASTROCYTOMA
Low-grade pilocytic astrocy-

toma arising in the suprasellar re-

gion can mimic a pituitary ade-

noma clinically. This parasagittal

section stained with luxol fast blue/

hematoxylin and eosin illustrates

an adult type pilocytic astrocytoma

in the hypothalamus anterior to

the mamillary body (*). The walls

of the third ventricle are involved

and the optic chiasm (arrow) is

compressed. The tumor was calci-

fied and exhibits artefactual tear-

ing. (Courtesy of Dr. J.M. Bilbao,

Toronto, Canada.

)

5 to 25 years after conventional radiation doses

of 42.5 to 66 Gy.

Glioma of the optic nerve usually occurs in

children or adolescents (23,38,43). These un-

usual lesions are usually found in patients with

predisposing syndromes, such as neurofibro-

matosis or Beckwith-Wiedemann S5mdrome (35,

41). Patients usually present with visual loss,

but a minority have associated endocrinopathy,

usually hypopituitarism and diabetes but occa-

sionally precocious puberty (38,43).

Radiologic Findings. The radiologic fea-

tures vary with the t3T>e oftumor. With computer-

ized tomography ( CT), low-grade astrocytomas are

lesions of low density and fail to enhance with

contrast; contrast enhancement suggests malig-

nant transformation, particularly ifit is peripheral

to a central hypodense area of necrosis, as seen in

glioblastoma multiforme. With magnetic reso-

nance imaging (MRI), astroc3domas characteris-

tically have high signal intensity in the T2 mode.

The most common glioma in the sellar region

is the pilocytic astroc)doma. Most common in

children, hence the term “juvenile type,” it is a

relatively discrete, often cystic mass with prom-

inent enhancement on CT scan (25). These tu-

mors usually arise in the hypothalamus, in the

wall of the third ventricle; they present as a

suprasellar mass that displaces and compresses

the optic chiasm. This glioma may also arise in

the optic nerve, usually at the chiasm.

Morphologic Findings. Gliomas arising in

the sellar region can be ependymomas or astrocy-

tomas ofany type. Most postradiation gliomas are

malignant gliomas or glioblastoma multiforme; a

single malignant oligodendroglioma has been re-

ported (27). Glioma of the optic nerve is usually a

low-grade pilocytic astrocytoma (fig. 5-11).

The low-grade juvenile piloc)dic astrocytoma

appears grossly well circumscribed but is usually

infiltrative (24,25). It may have cysts and focal

hemorrhages. Histologically, there is variation

from field to field: compact fibrillary areas com-

posed of polar or bipolar cells (fig. 5-12) are inter-

mixed with looser cystic areas in which the cells

are stellate. The polar cells account for the earlier

name “polar spongioblastoma” used for these tu-

mors that are now known to be astrocytic. Rosen-

thal fibers are usually conspicuous. The tumor

cells may exhibit nuclear pleomorphism but mi-

toses are infrequent. Although the tumors are

highly vascular, the vascular proliferation does

not carry the malignant connotation that it bears

in usual astroc3domas elsewhere.

The rare “adult” type of pilocytic astrocytoma

(24,25) is more homogeneous, lacks microcysts,

and tends to be more invasive than the juvenile

variant. It is a slow-growing tumor and malig-

nant transformation is rare.

Differential Diagnosis. The vascularity of

the juvenile pilocytic astrocytoma resembles the

vascular pattern of the neurohypophysis and the
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Figure 5-12

HISTOLOGY OF SUPRASELLAR
PILOCYTIC ASTROCYTOMA

This tumor is characterized by a fibrillary appearance

and elongated polar tumor cells. Rosenthal fibers are con-

spicuous. (Courtesy of Dr. J.M. Bilbao, Toronto, Canada.)

differential diagnosis includes nontumorous

neurohypophysis and reactive gliosis; the latter

is often difficult to distinguish from low-grade

glioma (25). Pituitary adenomas, particularly

prolactinomas and gonadotroph adenomas, can

mimic the architectural pattern ofependymoma
and the C3hology is remarkably similar. Im-

munostains are critical to confirm the diagnosis;

ependymomas are strongly positive for glial

fibrillary acidic protein (GFAP).

Prognosis and Therapy. The low-grade le-

sions in children have a relatively good prognosis

because they grow slowly, but chiasmal lesions

can be more aggressive (23). In contrast, optic

gliomas that occur sporadically in adults are

usually rapidly fatal (37,39).

MENINGIOMAS

Definition. Meningiomas are tumors derived

from the meninges and their derivatives in the

meningeal spaces. They may arise from dural

fibroblasts or pial cells but the most common are

of arachnoid origin.

Clinical Features. Approximately 20 per-

cent of these tumors of arachnoid and menin-

gothelial cells occur in the sellar and parasellar

areas (53); they are most common in the sphe-

noid ridge and tuberculum sellae but also occur

rarely in the clivus. Suprasellar lesions often are

associated with visual field defects and other

neurologic deficits; they can cause endocrine

manifestations with hypopituitarism and
hyperprolactinemia due to stalk compression.

Biochemical testing reveals low levels of pitu-

itary hormones but stimulation induces a re-

sponse. Intrasellar involvement with tissue de-

struction and panhypopituitarism is rare and

usually occurs by downward extension; com-

pletely intrasellar tumors are rare (46).

Meningiomas occasionally arise in the sellar re-

gion following irradiation ofthe area for pituitary

adenoma or craniopharyngioma (48,51,55,56).

Meningiomas are more common in women
than men, possibly because of their expression

of progesterone and estrogen receptors (47).

Radiologic Findings. Radiologic investiga-

tion often distinguishes these lesions from pitu-

itary adenomas, however, in some instances the

diagnosis is mistaken (50,54,57,58).

Morphologic Findings. Meningiomas are

histologically diverse tumors that have been

classified into 11 types according to the most

recent World Health Organization (WHO) Inter-

national Histological Classification of Tumours

(49); the reader is referred to the Fascicle, Tu-

mors of the Central Nervous System (45) for a

detailed review. The more familiar types and the

most common in the suprasellar area are the

meningothelial, fibrous or fibroblastic, and tran-

sitional variants (fig. 5-13). Papillary patterns

and anaplastic changes portend a more aggres-

sive behavior and the possibility of metastasis.

Differential Diagnosis. Meningothelial

meningiomas are common in this region and are

likely to be confused with pituitary adenoma.

Features that aid in the diagnosis include

whorls, indistinct cell borders, and the presence
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Figure 5-13

HISTOLOGY OF SELLAR MENINGIOMA
A sellar meningioma can mimic a pituitary adenoma

clinically. The histology of this tumor is characteristic of

meningioma. It is well demarcated from the adjacent ad-

enoh3rpophysis (bottom). This syncytial meningioma is char-

acterized by architectural whorls and indistinct cell borders

that help distinguish it from pituitary adenoma.

of psammoma bodies, a histologic hallmark of

these tumors; the latter may also be present in

pituitary adenomas, especially prolactin- and

thyrotropin-producing tumors. In some cases,

immunohistochemistry and even electron mi-

croscopy may be required to verify the diagnosis.

Prognosis and Therapy. The management
of meningioma is generally surgical resection,

but the surgical approach is critical (52). These

highly vascular lesions can create problems with

intraoperative bleeding. Because of their loca-

tion, the surgical approach must attempt to re-

sect the tumor as thoroughly as possible without

compromising hypothalamic parenchyma, the

optic nerves, or the pituitary stalk.

GRANULAR CELL TUMORS

Definition. Granular cells tumors of the in-

fundibulum and posterior lobe of the pituitary

resemble granular cell tumors of skin, tongue,

breast, or gastrointestinal tract. These lesions

have also been called choristoma, granular cell

myoblastoma, granular cell pituicytoma, and

granular cell schwannoma. Because they are not

found in patients under the age of 20 years (62,

64), the term choristoma is not appropriate.

They do not exhibit features ofmyocyte differen-

tiation and some are negative for markers of

schwannian and pituicyte differentiation (see

below). It is therefore recommended that the

term “granular cell tumor” be used for these

tumors of uncertain histogenesis (59,67).

Clinical Features. Granular cell tumors are

common but usually remain small lesions that

do not give rise to symptoms; they are most

frequently diagnosed as incidental findings at

autopsy (62,64). Occasionally, they present as

sellar masses causing visual field defects (60);

curiously, given their location, only rarely is

there associated diabetes insipidus (68). There

are instances in which these lesions have been

associated with pituitary adenomas (65) and

they have occurred in patients with multiple

endocrine neoplasia (MEN)-l (66), but these are

likely coincidental phenomena.

Radiologic Findings. Granular cell tumors

are well-delineated, homogeneously dense, vas-

cular masses that enhance with contrast on CT
scan and produce a vascular blush on angiogra-

phy (60). MRI detection has increased the sensi-

tivity of diagnosis of small lesions. These isoin-

tense masses can resemble meningiomas (60),

but a high intensity signal on Tl-weighted im-

ages is a helpful diagnostic feature.

Morphologic Findings. These nodular le-

sions are firm, tan to grey, well-demarcated but

unencapsulated nodules composed of closely ap-

posed polygonal cells that have conspicuous,

abundant, granular cytoplasm (figs. 5-14, 5-15).

The cytoplasmic granules stain with the periodic

acid-Schiff ( PAS) technique and are diastase resis-

tant. Immunohistochemical studies have shown
that some of these tumors are negative for S-100

protein and glial fibrillary acidic protein (GFAP),

casting doubt on both schwannian and pituicyte

differentiation (67). They may show reactivity for
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Figure 5-14

HISTOLOGY OF GRANULAR CELL TUMOR
A granular cell tumor is a well-circumscribed but un-

encapsulated nodular tumor in the neurohypophysis.

alpha- 1-antitrypsin, alpha- 1-antichymotrypsin,

and cathepsin B, suggestive of histiocytic differen-

tiation (63). Electron microscopy reveals cells con-

taining phagolysosomes, with electron dense ma-

terial and membranous debris (61).

Differential Diagnosis. Because of their lo-

cation and radiologic appearance, these tumors

may be confused with pituitary adenoma,
meningioma, or even craniopharyngioma. On
imaging studies or at autopsy gross examina-

tion, they can be distinguished from meningioma
by lack of dural attachment, from craniopharyn-

gioma by their solid nature, and from pituitary

adenoma by their firm consistency. Although the

histogenesis is unknown, their histologic ap-

pearance is remarkably characteristic.

Prognosis and Therapy. Since most ofthese

lesions are not detected clinically, the approach

to management has been determined by a few

Figure 5-15

HISTOLOGY OF GRANULAR CELL TUMOR
This granular cell tumor is composed of large, closely

apposed polygonal cells with abundant granular cytoplasm.

cases only, and these have all been surgically

resected (68). Although there have been rare

reports of malignant granular cell tumors out-

side of the sella, in the pituitary they are consid-

ered benign neoplasms.

CHORDOMAS

Definition. Chordomas are rare lesions

thought to be derived from remnants of the noto-

chord (72,73). They occur in the midline, most

often in the sacral region, but also in the region

of the clivus, occasionally in vertebrae (75), and

within the sella turcica (74).

Clinical Features. These slowly growing but

locally aggressive neoplasms usually occur in

patients over the age of 30 years; patients with

unusual sphenoid lesions tend to be younger (76).

Patients with chordomas of the clivus present
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Figure 5-16

RADIOLOGIC FEATURES OF SELLAR CHORDOMA
This CT scan with contrast demonstrates the infiltrative,

lobulated, and calcified appearance ofa chordoma arising in the

sellar region. (Courtesy of Dr. J.M. Bilbao, Toronto, Canada.

)

with pain, oculomotor disturbances, cerebello-

pontine angle syndrome, and intracranial hyper-

tension. Parasellar involvement may manifest

as anterior pituitary insufficiency.

Radiologic Findings. Chordomas are usu-

ally lobulated, calcified, and expansile osteolytic

lesions (fig. 5-16). They may cause characteristic

elevation of the periosteum, in which case they

are suspected on the basis of the radiologic find-

ings (71).

Morphologic Findings. These expansile or

infiltrative tumors have a characteristic gross

appearance: they are gelatinous and lobulated

and may have areas of calcification.

Histologically, they are composed oflarge polyhe-

dral cells with a characteristic bubbly appearamce,

hence the Greek term “physahphorous” used to

describe their vacuolation; vacuoles contain neutral

mucins and glycogen (fig. 5-17). The cells are ar-

Figure 5-17

HISTOLOGY OF SELLAR CHORDOMA
The tumor is composed of large polyhedral “physaliphor-

ous” cells that are characterized by a bubbly vacuolation of

the cytoplasm and abundant mucinous matrix ( Hematoxy-
lin-phloxine-saffron stain). (Courtesy of Dr. J.M. Bilbao,

Toronto, Canada.)

ranged in sheets or ribbons in an abundant stro-

mal matrix that is rich in acidic mucopolysaccha-

rides; scattered smaller cells and stellate cells are

also present. The tumor cells have immunohisto-

chemical markers ofepithelial differentiation, low

molecular weight keratins, and epithelial mem-
brane antigen (EMA), as well as S-100 protein and

vimentin. Some are positive for carcinoembiyonic

antigen (CEA). By electron microscopy, the tumor

cells form desmosomes and microvilli, and have

characteristic mitochondria surrounded by concen-

tric lamellae ofrough endoplasmic reticiilum.

High-grade sarcomatous areas, resembling

fibrosarcoma, osteosarcoma, or malignant fibrous

histioc3doma, may herald dedifferentiation and
are sometimes seen in metastatic deposits. These

aggressive variants are rare in intracranial
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chordomas. In contrast, the spheno-occipital re-

gion is the preferred site of the “chondroid” vari-

ant, which exhibits areas of cartilaginous differ-

entiation that may dominate the histologic

picture. These chondroid chordomas lack kera-

tin and EMA positivity and are considered by

some to be chondrosarcomas (69,70). Patients

with this variant have a better prognosis than

those with the usual clival chordoma.

Differential Diagnosis. The differential di-

agnosis is usually not complicated, since these

tumors have characteristic radiologic features, lo-

cation, and gross and microscopic morphology.

Some tumors may be difficult to distinguish from

chondrosarcoma; in fact, as indicated above, the

chondroid variant may in fact be a chondrosar-

coma. The chordoma exhibits markers ofepithelial

differentiation, such as EMA and c3dokeratins.

The distinction from adenocarcinoma may be

difficult in some tumors since they form mucin
and are positive for epithelial markers as well as

CEA. The presence of S-100 protein in some
chordomas is helpful. Nuclear pleomorphism

can be prominent in both tumors; however, mi-

toses are less common in chordomas.

Prognosis and Therapy. Although surgery

is the preferred initial therapeutic approach, the

location and extent oftumor may make complete

extirpation impossible. Radiotherapy is indi-

cated for incompletely resected lesions. Mean
survival is about 4 to 5 years, and metastases to

lung, liver, bone, and lymph nodes occur rarely.

SCHWANNOMAS

Definition. These tumors are composed of

spindle-shaped Schwann cells derived from cra-

nial nerves. They are also known as neu-

rilemmoma or neurinoma.

Clinical Features. Intrasellar and parasel-

lar schwannomas occur rarely (77,79,80). The

symptoms are those of a mass and mimic a clini-

cally nonfunctioning pituitary adenoma. By im-

pinging on the pituitary stalk or causing tissue

destruction, they can result in hypopituitarism

with or without hyperprolactinemia, respectively.

Radiologic Findings. On CT scan, these

lesions are visualized as sellar or parasellar

masses that enhance with contrast and can

mimic pituitary adenoma. They are hypovascu-

lar on angiography.

Morphologic Findings. The morphology of

these lesions in the pituitary region is identical

to that of schwannomas elsewhere. The tumors

are usually encapsulated and sometimes cystic

lesions composed of spindle-shaped cells ar-

ranged in compact Antoni type A and loose An-

toni type B areas; the former may exhibit pali-

sading that leads to the formation of Verocay

bodies. Immunohistochemical staining for S-100

protein is strong. Electron microscopic examina-

tion shows prominent basal lamina surrounding

individual cells and the characteristic “long-

spacing” collagen of the stroma. The reader is

referred to the Fascicle, Tumors of the Soft Tis-

sues (78) for further details.

Differential Diagnosis. The most relevant

differential diagnosis of a schwannoma in this

region is meningioma. Psammoma bodies and

whorls indicate meningioma. Immunoreactivity

for S-100 protein is characteristic of schwan-

noma but may be found in some meningiomas;

EMA is identified in meningioma but only un-

commonly in schwannoma.

Prognosis and Therapy. Similar to schwan-

nomas elsewhere, these lesions are usually be-

nign. They are amenable to surgical resection

unless they involve critical structures in the

parasellar region, in which case conservative

surgical resection is indicated.
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6

CRANIOPHARYNGIOMA

Definition. The craniopharyngioma is

thought to be derived from the remnants of

Rathke’s pouch. This interpretation and a de-

scription of the tumor was provided in 1904 by

Erdheim (4) who made an extensive study of

squamous epithelial cells in the region of the

hypophysis. The name craniopharyngioma was
introduced by Cushing in 1932 (4).

Clinical Features. Craniophar3mgiomas rep-

resent 1 to 13 percent of intracranial neoplasms

(4,12), although recent studies narrow that figure

to 2 to 4 percent. As the most frequent sellar tumor

of childhood, they represent 10 percent of central

nervous system tumors in children (15). They

occur at any age, from infancy (3) to old age (10),

but the peak incidence is from 5 to 20 years. A
second small peak occurs in the sixth decade. In

some series males are more often affected (12).

The most common presenting symptoms are

due to the effects of a mass in the region of the

sella turcica. Approximately 75 percent of pa-

tients complain of headache and have visual

disturbances (12). Less frequently, there are

mental changes, nausea, vomiting, somnolence,

or symptoms due to pituitary hormone defi-

ciency. The hormone deficiency is due to destruc-

tion of hypophysial tissue or interruption of the

pituitary stalk resulting in failure of hypotha-

lamic regulation; the former is associated with a

reduction in blood prolactin levels whereas the

latter is characterized by mild hyperprolactine-

mia due to loss of hypothalamic dopaminergic

inhibition of prolactin release. In children,

dwarfism may be the presenting manifestation.

In adults, sexual dysfunction is the most com-

mon endocrine complaint, with impotence in

males and primary or secondary amenorrhea in

females. Diabetes insipidus is found in approxi-

mately 25 percent of patients (5).

While these tumors can invade into the naso-

pharynx, there is a report of a primary nasopha-

ryngeal craniopharyngioma arising in ectopic

pharyngeal hypophysis (11).

Biochemical Findings. In addition to the

mild hyperprolactinemia found in some patients,

biochemical studies confirm variable degrees of

hypopituitarism, with reduction of basal hor-

mone levels or only subtle changes with normal

hormone levels but reduced response to stimula-

tion. In the case of pituitary stalk interruption,

basal hormone levels may be low but administra-

tion of stimulating hormones may result in slug-

gish elevation of pituitary hormones in response.

Patients with hypopitmtarism also have reduced

levels of th3n’oid hormones emd glucocorticoids.

Diabetes insipidus is characteristic.

Craniopharyngioma has been associated with

a prolactinoma (6,7,16), in which cases there

were two reasons for hyperprolactinemia. In ad-

dition, there have been cases of lymphocytic

hypophysitis associated with craniopharyngi-

oma; those patients had complete pituitary in-

sufficiency (14).

Radiologic Findings. An enlarged or eroded

sella turcica is found in approximately 50 per-

cent of patients with this tumor; suprasellar

calcification is also present in half Craniopha-

ryngiomas are usually cystic or may be cystic

and solid; only 15 percent have no cystic compo-

nent (15). Computerized tomography (CT) con-

firms the presence of a partially cystic lesion

which may enhance with contrast. However,

magnetic resonance imaging (MRI) appears to

be the optimal technique for delimiting the ex-

tent of the lesion and the nature of the solid and

cystic components; the lipid contents provide a

high T1 signal intensity in the absence of con-

trast media (fig. 6-1) (13,16).

Gross Findings. The majority of tumors are

suprasellar ( 12 ); only 15 percent have an intrasel-

lar component. Although they may be as small as

1 cm, most are much larger at the time of diagno-

sis. They are well-circumscribed tumors (fig. 6-2)

but there may be little or no capsule at the

interface with brain parenchyma (fig. 6-3). The
lesions usually contain a thick oil-like fluid which

is described as ‘TDlack sludge.” Cholesterol crys-

tals and calcification may be seen. Rarely, the

tumors contain bone or teeth.

Microscopic Findings. Microscopically, the

tumors are composed ofcords or islands ofepithe-

lial cells in a loose fibrous stroma (figs. 6-4-6-6)

167



Tiunors of the Pituitary Gland

Figure 6-1

RADIOLOGIC FEATURES
OF CRANIOPHARYNGIOMA
MRI allows recognition of the

solid and cystic components of sellar

and suprasellar tumor; the lipid

components provide high signal in-

tensity in this Tl-weighted image.

Figure 6-2

GROSS APPEARANCE OF CRANIOPHARYNGIOMA
At autopsy, this craniopharyngioma in a patient who had

a longstanding history of blindness and panhypopituitar-

ism, reveals a suprasellar tumor overlying the optic chiasm.

Grossly it appears to be well delineated.

with intervening cysts. The epithelium usually

has an outer palisaded layer, a mid-zone of stel-

late epithelial cells, and a superficial keratinizing

layer. Cholesterol clefts are seen and extensive

accumulation of cholesterol-containing fluid is

the cause of the “machinery oil” seen grossly.

Masses of keratin often form a nidus for calcifica-

tion. Occasionally, there is an inflammatory com-

ponent consisting of lymphocytes, plasma cells,

and macrophages which may infiltrate the fibrous

walls and septa ofthe tumor. Although the tumors

are grossly well circumscrihed, microscopically the

borders are frequently irregular and may be asso-

ciated with gliosis in the adjacent brain tissue.

Two subtypes ofcraniopharyngioma have been

recognized (8), however, these tumors frequently

refute subclassification because of overlap. The
adamantinomatous type has a predominance of

stellate components which results in a pattern

resembling the dental ameloblastic organ and is

similar to that seen in adamantinomas. The pap-

illary variant is less common, is rare in children,

and is said to have a better prognosis. It is char-

acterized by solid or cystic growth of pseudo-

papillary squamous epithelium and lacks the pal-

isading, fibrosis, and cholesterol accumulation

that characterize the typical craniopharyngioma.

Immimohistochemistry confirms the epithelial

nature of the squamous component, which con-

tains low and high molecular weight c}dokeratins

( fig. 6-7 ). However, the histology ofthese tumors is
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Figure 6-3

GROSS APPEARANCE OF
CRANIOPHARYNGIOMA

On cross section, the tumor illustrated

in figure 6-2 is seen to have a less well-de-

fined border. The tumor has a thick oily

appearance. (Plate EXB Fascicle 21, 2nd
Series.)

Figure 6-4

HISTOLOGY OF
CRANIOPHARYNGIOMA

In craniopharyngioma, the epithelium

usually has an outer palisaded layer and a

mid-zone of stellate epithelial cells. This

appearance mimics the features of dental

adamantinomas, hence the term “ad-

amantinomotous” craniopharyngioma.

Figure 6-5

HISTOLOGY OF
CRANIOPHARYNGIOMA

In areas, the epithelium of a cranio-

pharyngioma is squamoid with a pali-

saded basal layer (Hematoxylin-phlox-

ine-saffron stain).
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Figure 6-6

HISTOLOGY OF CRANIOPHARYNGIOMA
Palisading epithelium of craniopharyngioma forms ker-

atin pearls containing ghost-like squamous cells; these

areas may be a nidus for calcification. The surrounding

stroma, stained with hematoxylin-phloxine-saffron, is very

loose and edematous.

generally sufficiently characteristic that special

studies are not required to confirm the diagnosis.

Electron microscopy shows the characteristics

of keratinizing epithelial cells with numerous

tonofilaments, well-formed intercellular junc-

tions, and no secretory granules (figs. 6-8-6-10).

Differential Diagnosis. These tumors may
be confused with the epithelial cysts that occur in

the sellar region (see chapter 11), particularly

epidermoid cysts. The latter are unilocular cysts

lined by orderly stratified squamous epithelium

of uniform thickness overl3dng delicate fibrous

connective tissue; this contrasts with the nodular,

irregular appearance of the epithelial component

of craniopharyngioma. Orientation artifact and

inadequate sampling, however, may make the dis-

Figure 6-7

IMMUNOHISTOCHEMICAL LOCALIZATION
OF KERATINS IN CRANIOPHARYNGIOMA

These tumors generally contain abimdant low and high

molecular weight cytokeratins within the epithelial component.

tinction difficult. Calcification is rare in epider-

moid cysts and common in craniopharyngioma.

The infiltrating nature of craniopharyngioma

provokes exuberant reactive gliosis that may be

mistaken for piloc3dic astroc}d;oma (see chapter 5).

Reactive gliosis is usually of lower cellularity and

lacks the cysts that are frequent in this glioma.

Pathogenesis. Craniopharyngiomas are

thought to originate from nests of squamous

epithelial cells commonly found in the suprasel-

lar area surrounding the pars tuberalis of the

adult pituitary (1). It has been accepted that

these represent remnants of Rathke’s pouch,

however, there is evidence that they may repre-

sent metaplastic foci (1,2). It is intriguing that

squamous nest are rarely seen in pituitaries of

children, yet the incidence of craniopharyngi-

omas is higher in children than in adults.
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Figure 6-8

ULTRASTRUCTURE OF
CRANIOPHARYNGIOMA
The epithelial component of

craniopharyngioma is character-

ized by polygonal and elongated

cells that have well-formed inter-

cellular junctions and contain

numerous tonofilaments.

Figure 6-9

ULTRASTRUCTURE OF
CRANIOPHARYNGIOMA
The stellate component of

craniopharyngioma has very
prominent intercellular junc-

tions and large numbers of

cytoplasmic tonofilaments that

correspond to keratin.

if#®

AA ,

4 '.

Figure 6-10

ULTRASTRUCTURE OF
CRANIOPHARYNGIOMA
Intercellular attachments

are extremely well formed in the

areas of complex interdigitation

of craniophaiyngioma cells.
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Prognosis and Therapy. Ifleft alone, cranio-

pharyngiomas are extremely infiltrative. They

may cause extensive tissue damage, extending into

the hypothalamus and as high as the third ventricle;

obstruction of the ventricle may result in hydro-

cephalus. Uncommonly, craniophar5Tigiomas may
spontaneously rupture or form abscesses.

Because of their highly infiltrative nature,

they are often incompletely excised surgically.

There is a 10 to 40 percent recurrence rate,

particularly in younger patients. A subfrontal

surgical approach is required in most patients;

transsphenoidal surgery is suitable only for

those rare patients with a mainly intrasellar

tumor or for palliative subtotal removal or drain-

age for patients with failed previous surgery (9).

Most surgeons advocate postoperative radiation

to reduce recurrence (5,9). No medical therapy is

currently known for these tumors, but often pa-

tients require hormone replacement for anterior

pituitary insufficiency.

Malignant Craniopharyngioma. There is

a single report of malignant transformation of a

craniopharyngioma (15). This occurred on the

fifth recurrence after a 35-year history ofdisease

and 8 years following radiotherapy.
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GERM CELL TUMORS OF THE SELLA TURCICA

Definition. These tumors are derived from

germ cells that are residual along the midline;

they are identical to germ cell tumors of the

gonads and mediastinum.

Germ cell tumors represent less than 1 per-

cent of intracranial neoplasms but in children,

they constitute up to 6.5 percent of such lesions

(12). The suprasellar region is the second most

common site ofinvolvement after the pineal. The

tumors occur most often before the age of 20

years, more often in males than females.

Clinical Features. Intracranial germ cell tu-

mors can be associated with hypopituitarism,

diabetes insipidus, and visual disturbances; in

severe cases, large lesions can cause intracranial

h}rpertension, hydrocephalus, psychosis, and de-

mentia (4-6,11-13). Hypothalamic destruction

can result in bulimia or anorexia (5,12). Some
tumors are associated with precocious puberty;

although this has been attributed to hypothalamic

destruction and release of gonadal inhibition, a

more likely explanation is the production of P-cho-

rionic gonadotropin (hCG) by the neoplastic germ

cells. Elevated circulating levels of a-fetoprotein

(AFP) indicate the presence of the yolk sac ele-

ments that characterize endodermal sinus tumors.

Radiologic Findings. The most common
germ cell tumor, the germinoma, is usually a

well-demarcated tumor that has high density on

computerized tomography (CT) scan and en-

hances with contrast (11). Teratomas may ex-

hibit fat densities and calcifications that are

recognized radiologically. While the CT appear-

ance of some of the other germ cell tumors may
not be distinctive (3), magnetic resonance imag-

ing (MRI) is more sensitive and can show fea-

tures that are obscured on CT scan.

Morphologic Findings. The classification of

parasellar and intrasellar germ cell tumors is

similar to that ofintracranial germ cell tumors of

the pineal and other locations (7). Morphologi-

cally, the lesions are indistinguishable from their

gonadal and extragonadal counterparts, how-

ever, there are immunohistochemical character-

istics that appear to be unique to the intracranial

tumors. Vimentin, keratin, and epithelial mem-
brane antigen staining in these lesions has been

interpreted as indicating mesenchymal and epi-

thelial differentiation (9). The detailed morpho-

logic descriptions ofteratomas, germinomas (fig.

7-1), embryonal carcinomas (fig. 7-2), endoder-

mal sinus tumors (figs. 7-3, 7-4), and chorio-

carcinomas can be found elsewhere (14).

Figure 7-1

HISTOLOGY OF
SELLAR GERMINOMA
A germinoma of the sella tur-

cica has characteristic histology,

resembling germinomas and dys-

germinomas in other sites. Two
cell populations are identified, the

larger tumor cells and smaller in-

flammatory cells.
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Figure 7-2

HISTOLOGY OF SELLAE
EMBRYONAL CARCINOMA

An embryonal carcinoma in the sella

turcica resembles this germ cell tumor in

other sites. It is composed of large cells

with poorly defined borders and marked
nuclear pleomorphism.

Figure 7-3

HISTOLOGY OF SELLAR
ENDODERMAL SINUS TUMOR
An endodermal sinus tumor of the

sella turcica has a reticular architecture

characterized by a meshwork of commu-
nicating spaces. Occasional papillary

projections into the spaces are identified.

(Courtesy of Dr. E. Silva, Houston, TX.)

Figure 7-4

HISTOLOGY OF SELLAR
ENDODERMAL SINUS TUMOR
Papillary projections into the spaces

of this sellar endodermal sinus tumor
resemble the Schiller-Duval bodies of go-

nadal endodermal sinus tumors. (Cour-

tesy of Dr. J.M. Bilbao, Toronto, Canada.

)
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Figure 7-5

IMMUNOHISTOCHEMICAL LOCALIZATION OF
p-hCG IN SELLAR EMBRYONAL CARCINOMA
Production of P-hCG by this tumor can create a difficult

clinical differential diagnosis since this marker is highly

homologous to P-LH.

Figure 7-6

IMMUNOHISTOCHEMICAL LOCALIZATION
OF a-FETOPROTEIN IN

SELLAR ENDODERMAL SINUS TUMOR
Immunoreactivity for AFP characterizes the yolk sac

elements that comprise endodermal sinus tumors. ( Courtesy
of Dr. J.M. Bilbao, Toronto, Canada.)

In the sellar region, germinomas and terato-

mas predominate and mixed germ cell tumors

that show features of more than one tumor sub-

type are frequent, usually germinoma combined

with one of the other tumor types or a combina-

tion of embryonal carcinoma and immature ter-

atoma, known as teratocarcinoma. Recognition

ofeven minor components that are characterized

by more aggressive elements can predict a worse

prognosis and may alter management; this un-

derscores the need for complete tissue examina-

tion of truly representative biopsies.

Functionally, the hormonal activity of these

lesions can be determined by immunohistochem-

istry. In general, syncytiotrophoblast elements

are responsible for |3-hCG, placental lactogen,

and pregnancy glycoprotein (SPi). Embryonal

carcinomas contain AFP, SPi, and (3-hCG (fig.

7-5), whereas endodermal sinus tumors contain

AFP only (fig. 7-6). Measurement of circulating

markers such as (3-hCG and AFP in blood is

useful to detect recurrence. Germinomas are

usually negative for these markers, but they are

immunoreactive for placental alkaline phospha-

tase (PLAP); they may contain isolated (3-hCG-

reactive syncytiotrophoblast cells but these are

not prognostically significant.

Differential Diagnosis. Germinomas are

characterized by large clear cells and vesicular

nuclei with prominent nucleoli, however, there

is often a lymphoc}d,ic infiltrate and granuloma-

tous inflammation that is abundant enough to

mask the underlying neoplasm. The glycogen
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responsible for the cytoplasmic vacuolation is a

potential source of confusion with metastatic ma-

lignancies. Inmiunostaining for FLAP can assist in

confirrning the correct diagnosis in both situations.

At the periphery of germ cell tumors there may
be a reactive atypical gliosis that can mimic astrocy-

toma. Proper sampling will overcome this problem.

Prognosis and Therapy. Often the diagno-

sis is confirmed only at the time of surgery;

rarely is surgery curative, however (2). If the

diagnosis is suspected preoperatively, biopsy can

type the lesion and determine whether surgery

or other modalities such as radiation or chemo-

therapy are indicated. Germinomas are

uniquely radiosensitive and long-term remission

is achieved in approximately 70 percent of pa-

tients (13). The recognition of more aggressive

elements in mixed tumors can predict failure of

radiotherapy. Other tumors are more aggressive

and despite surgery, radiation, and chemother-

apy, they may recur or metastasize, both within

and beyond the central nervous system (1). Seed-

ing via a ventriculoperitoneal shunt may also

result in dissemination (8,10).
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HEMATOLOGIC TUMORS OF THE SELLA TURCICA

LYMPHOMA AND LEUKEMIA

Definition. Tumors of lymphocytic or plas-

mac3h;ic differentiation are usually systemic dis-

orders. Rarely, lesions in the region of the pitu-

itary and hypothalamus appear to be sohtary

and primary in that site (11).

Clinical Featiu*es. As in the central nervous

system in general (4,5,13), where l3anphoma or

leukemia most often are meningeal and extradu-

ral, pituitary involvement in patients with sys-

temic hematologic malignancies results in sub-

capsular infiltration; intraparenchymal deposits

are rare (8). The clinical manifestations of pitu-

itary involvement usually are dominated by diabe-

tes mellitus but occasionally there is excessive

secretion ofvasopressin, resulting in the syndrome

of inappropriate antidiuretic hormone (SIADH)

(8,13). Primary l3rmphoma involving the hypothal-

amus can result in hypopituitarism (3) and has

been associated with the chiasmal syndrome (6).

Rarely, lymphomas, leukemias, or plasmacy-

tomas present as sellar masses (1,2,9,12,15,16).

The majority of these can cause symptoms of a

mass lesion with or without hypopituitarism due

to adenohypophysial tissue destruction. In most
patients, there is evidence of systemic disease,

and only rarely is the lesion considered a truly

solitary sellar disorder (7,14). There is single

report of pituitary adenoma associated with a

primary brain lymphoma with hypothalamic in-

volvement (10).

Radiologic Findings, Lymphomas in the re-

gion of the sella and hypothalamus are seen on

magnetic resonance imaging (MRI ) as masses with

signals of similar intensity to their surroundings

on Tl-weighted images but are hyperintense on

T2-weighted views. They enhance with contrast

media, usually in a uniform pattern.

Morphologic Findings. Histologically, the

l3onphomas of the central nervous system and the

sellar region resemble systemic lymphomas (fig.

8-1). They are almost always non-Hodgkin l)mi-

phomas with a diffuse rather than follicular pat-

tern; the majority are B-cell tumors. Plasmacy-

tomas are composed of well-differentiated plasma

cells (fig. 8-2). The classification ofthese lesions is

worthy of an entire Fascicle and the reader is

referred accordingly to the text on Tumors of the

L3miphoid System for further details (17).

Differential Diagnosis. Thorough morpho-

logic assessment can readily distinguish these tu-

mors from pituitary adenomas. Histologic analysis

alone may not reveal the hematologic nature ofthe

disorder: a plasmacytoma composed of well-differ-

entiated plasma cells can mimic a chromophobe

adenoma (fig. 8-2) and lymphoma can be difficult

to distinguish from a bromocriptine-treated pro-

lactin-producing adenoma. However, immuno-

staining for leukocytic markers and lack of hor-

mone immunoreactivity (figs. 8-3, 8-4) can identify

Figure 8-1

HISTOLOGY OF SELLAR LYMPHOMA
The pituitary is almost totally destroyed by an infiltrate

ofatypical lymphocytes with conspicuous mitoses. Scattered

residual epithelial cells are still identifiable. (Courtesy ofDr.

R.L. Apel, Brisbane, Australia.)
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Figure 8-2

CYTOLOGY OF
SELLAR PLASMACYTOMA

A pituitary tumor can be diagnosed as

plasmacytoma at the time of intraoperative

consultation. These tumor cells have eccentric

nuclei and binucleate forms are seen. The
“clockface” chromatin pattern is characteris-

tic. These lesions can mimic pituitary ade-

noma (see figure 2-1), however, the cytoplas-

mic basophilia and pale Golgi zone are

inconsistent with pituitary cells; fibrous bod-

ies that resemble the Golgi region of these

plasma cells are not found in basophilic ade-

nohypophysial cells. (Courtesy of Dr. J.M.

Bilbao, Toronto, Canada.)
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Figure 8-3

IMMUNOHISTOCHEMICAL
LOCALIZATION OF LEUKOCYTE

COMMON ANTIGEN
IN SELLAR LYMPHOMA

Staining for leukocyte common antigen

decorates most of the cells in this field, iden-

tifying the infiltrating lymphoc3rtes. Clus-

ters of epithelial cells do not stain for this

antigen. Stains for lymphocyte subsets re-

veal the monoclonal nature of this infiltrate

in contrast to the polyclonal infiltrate of

lymphocytic hj^ophysitis.

Figure 8-4

IMMUNOHISTOCHEMICAL
LOCALIZATION OF PITUITARY

HORMONES IN SELLAR LYMPHOMA
The trapped residual pituitary cells

within a sellar lymphoma contain immuno-
reactive growth hormone.
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the tumor cells. In difficult cases, electron mi-

croscopy may be necessary to exclude epithelial

differentiation.

The distinction from lymphocytic hypophys-

itis (see chapter 11) can be difficult. In hypophys-

itis, the infiltrate is cytologically benign and

immunohistochemically polyclonal, whereas

lymphomatous infiltrates are cytologically ma-
lignant and monomorphous, and show clonal

restriction of immunologic markers.

Prognosis and Therapy. Since pituitary in-

volvement with lymphoma or leukemia is usually

reflective of systemic disease, the reader is re-

ferred to the Fascicle on Tumors ofthe Lymphoid
System for a thorough review of prognostic and

therapeutic considerations ( 17). Primary and iso-

lated lymphomas of this region are too few to

provide an intelligent approach to management.

LANGERHANS’ CELL HISTIOCYTOSIS

Definition. The disorder formerly known as

histiocytosis X, encompassing eosinophilic granu-

loma, Hand-Schiiller-Christian disease, Letterer-

Siwe disease, Langerhans’ cell granuloma, and

several other eponymic variants, is now classified

as Langerhans’ cell histioc5dosis (25). This local-

ized, multifocal or disseminated proliferation of

epithelioid histiocyte-like Lamgerhans cells is cur-

rently thought to be a reactive rather than neoplas-

tic process with an immunologic abberation under-

lying its etiology (25). The classic presentation of

Hand-Schiiller-Christian disease involves the hy-

pothalamus (19,21,25) and the disorder may in-

volve the pitmtary gland itself (20,21).

Clinical Features. Lesions involving the hy-

pothalamus and pituitary cause hypopituitarism

and diabetes insipidus ( 19,20,27 ). Diabetes insip-

idus is the most common and usually the initial

manifestation. Rarely, the hypopituitarism is due

to adenohypophysial tissue destruction (20,27).

More commonly, the disease is predominantly hy-

pothalamic and the hypopituitarism is secondary

to hypothalamic destruction; in this situation pitu-

itary hypofunction is associated with hyperpro-

lactinemia due to destruction ofthe dopaminergic

neurons that maintain tonic inhibition of that

hormone (19,21).

Radiologic Findings. Langerhans’ cell histio-

cytosis is characterized on CT scan by ill-defined.

contrast-enhancing, hypodense masses with

areas of edema. MRI can detect the small multi-

focal lesions of this disorder more readily than

CT scan (18); the lesions may be hypointense ( 27

)

but can have slightly increased T1 contrast and

intense T2-weighted images. Involvement of the

pituitary stalk is characteristic (23,26) and may
precede the clinical manifestations (24).

Morphologic Findings. Histologically the

Langerhans cells are characterized by an epithe-

lioid, histiocyte-like appearance (figs. 8-5, 8-6).

The cells have kidney-shaped nuclei and abun-

dant c3doplasm. They are admixed with chronic

inflammatory cells, foamy macrophages, and eo-

sinophils. Immunohistochemistry identifies

human leukoc3de antigen (HLA)-DR antigens,

GDI, and S-100 protein as markers of Langer-

hans cells. The cells also react with peanut ag-

glutinin. Pathognomonic Birbeck granules are

seen by electron microscopy, allowing a defini-

tive diagnosis (19,20,22,25).

Differential Diagnosis. Intrasellar lesions

of this disorder mimic pituitary adenoma. The
histologic appearance is usually sufficiently char-

acteristic to allow distinction but in difficult cases

immunohistochemistry distinguishes leukocyte

common antigen (LCA)- amd S- 100-positive his-

tiocytes from pituitary cells or from germinoma
cells, which can also resemble Langerhans cells.

Lymphocytic hypophysitis and granulomatous in-

flammation (see chapter 11) are important differ-

ential diagnoses, just as encephalitis must be ex-

cluded in the hypothalamus. Prominence of

eosinophils is suggestive of Langerhans’ cell

histiocytosis. In all ofthese disorders, the lympho-

cjdic infiltrate is polyclonal and immunohisto-

chemistry may not be helpful; the detection of

Birbeck granules by electron microscopy may be

the only definitive diagnostic feature.

Prognosis and Therapy. The prognosis is

variable. When involvement is systemic, the dis-

order is frequently lethal and apparently iso-

lated lesions can progress rapidly to widely dis-

seminated disease that is unresponsive to any

form of therapeutic intervention. Surgery has

been reported to be curative for localized lesions

(20) and radiotherapy has been used postopera-

tively with success in cases with isolated involve-

ment of the area (21).
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Figure 8-5

HISTOLOGY OF LANGERHANS’
CELL HISTIOCYTOSIS

Langerhans’ cell histiocytosis is characterized by prolif-

eration of epithelioid histiocyte-like cells admixed with

chronic inflammatory cells.

Figure 8-6

HISTOLOGY OF LANGERHANS’
CELL HISTIOCYTOSIS

The tumor cells have kidney-shaped nuclei and abun-

dant foamy C3doplasm.
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VASCULAR AND MESENCHYMAL TUMORS
OF THE SELLA TURCICA

Definition. Vascular and mesenchymal tu-

mors arise from vessel walls, fibrous connective

tissue, fat, bone, and cartilage. They are, therefore,

potentially found at almost any site, since these are

components of every part of the body. There are

benign and malignant variants ofeach type.

Clinical and Radiologic Findings. Although

unusual, these tumors do occur in the sellar region.

They usually present as mass lesions that may
cause tissue destruction and variable degrees of

functional impairment. The radiologic features,

growth, and behavior vary with the tumor type.

Morphologic Findings. The morphologic fea-

tures are not unlike those of tumors at other sites

Figure 9-1

HISTOLOGY OF SELLAR GLOMANGIOMA
This tumor is composed of epithelial cells arranged in an

organoid fashion around vascular channels. The tumor cells

have indistinct cell borders and relatively monotonous
round to oval nuclei.

and the reader is referred to the Fascicles, Tu-

mors of the Soft Tissues ( 12 ) and Tumors of the

Bones and Joints (10) for detailed descriptions.

Vascular Tumors. Benign cavernous heman-

gioma is infrequent in the central nervous sys-

tem and only a few examples involving the pitu-

itary have been reported (6,7,15). These lesions

may be incidental findings at autopsy.

Glomangioma of the sella is an interesting

lesion from the point of view of histogenesis; it

has been suggested that this curious tumor may
arise from the gomitoli of the pituitary stalk (4)

(figs. 9-1, 9-2).

Figure 9-2

ULTRASTRUCTURE OF SELLAR GLOMANGIOMA
A glomangioma is composed of cells with smooth muscle

differentiation. The tumor cells form a basement membrane
which surrounds individual cells. MyofibrOs within the cytoplasm

show focal condensation into dense bodies. The features suggest

origin in the gomitoli ofthe hypophysial ported vasculature.

183



Tum ors of the Pituitary Gland

Figure 9-3

GROSS APPEARANCE
OF SELLAR LIPOMA

This benign tumor of adipocytes arises in

the adipose tissue surrounding the pituitary

stalk. Such a lesion can create symptoms of

a sellar or suprasellar mass. (Courtesy of Dr.

J.M. Bilbao, Toronto, Canada.)

A primary pituitary hemangioblastoma has

been reported in a patient with von Hippel-

Lindau disease (8).

Tumors ofFibrous Tissue, Fat, Bone, and Car-

tilage. These unusual tumors exhibit a wide range

of differentiation. They include lipoma (fig. 9-3),

giant cell tumors (19,20), chondrornyxoid fibroma

(18), chondroma (3,9), enchondroma (13), chondro-

sarcoma (16), and alveolar soft part sarcoma (5).

The development of sarcoma in the sella tur-

cica may be sporadic, but more commonly is the

result of previous ionizing irradiation. There are

several reports in the literature of osteosarcoma

and fibrosarcoma of the sella developing from 4

to 21 years after irradiation for pituitary ade-

noma or craniopharyngioma (1,2,11,14,17,21).

These aggressive neoplasms result in rapid

death of the patient.
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METASTATIC NEOPLASMS OF THE SELLAR REGION

Definition. Blood-borne metastases from

distant malignancies to the pituitary are the

result of the high vascularity of this gland.

Epidemiology and Clinical Features. In

patients with disseminated cancer, metastasis to

the pituitary is common, in fact, it is more com-

mon than pituitary adenoma (7), ranging from 3

to 26.7 percent (7,13). Involvement of the poste-

rior lobe is more frequent than the anterior lobe

(7) and metastasis is the most common tumor of

the neurohypophysis (4). The mechanism of

spread is hematogenous, and the portal nature of

the vasciilarization of the anterior lobe has been

implicated as a protective barrier that accounts

for the discrepancy in incidence.

The most common primary sites are Ivmg,

breast, and gastrointestinal tract ( l-3,6,8). Among
patients with breast carcinoma, pituitary metas-

tases are statistically correlated with spread to

other endocrine organs (3), suggesting a common
mechanism that may implicate hormonal factors.

Most pituitary metastases are unassociated

with symptoms and are therefore found inciden-

tally at autopsy. Occasionally, however, patients

may present with a sellar tumor and no prior

history ofmalignancy (2). Posterior lobe involve-

ment results in diabetes insipidus (4). Large

tumors invade the cavernous sinus and its asso-

ciated structures, causing headache, visual field

defects, ophthalmoplegia, and ptosis (6). Only

rarely is there isolated anterior pituitary in-

volvement, which can present as panhypo-

pituitarism (2). Radiologically, these lesions are

indistinguishable from pituitary adenoma.

A few cases of metastatic carcinoma involving

a pituitary adenoma have been reported (5,9,11,

12,15,16). In this situation, the metastasis can be

the cause of a sudden increase in size ofthe tumor

and sudden worsening of symptoms of the mass.

Morphologic Findings. The diagnosis of a

metastatic lesion is based on histologic, immu-
nohistochemical, and ultrastructural findings.

Most metastatic deposits exhibit a characteristic

histology that suggests the type of differentia-

tion (figs. 10-1, 10-2). In some instances, how-

ever, the pathologist may miss the diagnosis

(figs. 10-3, 10-4) (8). In patients with no known
primary lesion, thorough examination will pro-

vide evidence of the correct site of origin.

A melanoma in the sella should be considered

most likely a metastasis; however, there are re-

ports of sellar melanomas unassociated with evi-

dence of a primary tumor elsewhere and these are

considered to be primary sellar melanomas
( 10,14). Tbe derivation of these lesions is not clear.

Figure 10-1

HISTOLOGY OF
METASTATIC CARCINOMA:
SMALL CELL CARCINOMA

Small cell carcinoma infiltrating and de-

stroying the acini ofthe pituitary was found

incidentally at autopsy in a patient with

known small cell carcinoma oflung. ( Cour-

tesy of Dr. K. Kovacs, Toronto, Canada.)
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Figure 10-2

HISTOLOGY OF METASTATIC
CARCINOMA: BREAST
ADENOCARCINOMA

An incidental finding at autopsy of a

patient with disseminated breast carci-

noma is the presence of pituitary metas-

tasis; the monotonous tumor cells may be

very deceptive, unlike those of lung car-

cinoma (see figure 10-3).

Figure 10-3

HISTOLOGY OF METASTATIC
CARCINOMA: PULMONARY
LARGE CELL CARCINOMA

This highly pleomorphic tumor was
found to involve the anterior and poste-

rior pituitary of a patient with a previous

history oflung carcinoma. Analysis ofthis

tumor confirmed metastatic deposits

from the pulmonary primary.

Figure 10-4

HISTOLOGY OF METASTATIC
CARCINOMA: PULMONARY
LARGE CELL CARCINOMA

Pleomorphic tumor cells invade the

posterior lobe parench3mia in the pitu-

itary of a patient with disseminated lung
carcinoma.
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Differential Diagnosis. The major differen-

tial diagnosis involves the distinction of metas-

tasis from pituitary adenoma. This problem

arises rarely in patients with occult primary

tumors who may present with manifestations of

a pituitary mass. Mitotic activity, and cellular

and nuclear pleomorphism are the hallmarks of

malignancy, but these features may be present

in pituitary adenomas. In particular, the

sparsely granulated somatotroph adenoma
(chapter 3) is notoriously worrisome histologi-

cally and may be mistaken for metastatic carci-

noma, particularly if the history of acromegaly

is not known by the pathologist or, in rare cases,

if the tumor is clinically hormonally silent. In

general, pituitary adenomas are readily charac-

terized by their immunohistochemical profile,

but tumors that are immunonegative for the

usual hormones should be evaluated carefully,

including ultrastructurally, in situations where

the possibility of metastasis is raised by histo-

logic criteria.

Prognosis and Therapy. Since these patients

have disseminated malignancy, the therapy is

aimed at palliation. Surgical decompression, with or

without radiotherapy, can relieve symptoms (2).
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TUMOR-LIKE LESIONS OF THE SELLA TURCICA

HYPERPLASIAS

Definition. Hyperplasia is cell proliferation

in response to a stimulus, as compared to the

dysregulated cell proliferation of neoplasia. Hy-

perplasia can be physiologic, as in the pituitary

during pregnancy when lactotroph hyperplasia

is a normal response to the hormonal environ-

ment; alternatively, this process can be patho-

logic, the response to an abnormal excessive

stimulus, as detailed in the following pages.

Clinical and Biochemical Findings. Hy-

perplasia of adenoh3Apophysial cells can give rise

to clinical syndromes indistinguishable from man-
ifestations of pituitary adenomas. The reader is

referred to chapter 3 for a review of the clinical

features of growth hormone excess resulting in ac-

romegaly and gigantism, hyperprolactinemia caus-

ing amenorrhea and galactorrhea in women and

impotence in men, adrenocorticotropic hormone

(ACTH) excess resulting in Cushing’s disease with

glucocorticoid excess, and th3T’otropin h5^persecre-

tion which may be associated with hyperthyroid-

ism, a euthyroid state, or h5rpoth3Toidism.

Radiologic Findings. The radiologic fea-

tures of pituitary hyperplasia are varied. Com-
puterized tomography (CT) and magnetic reso-

nance imaging (MRI ) may detect no abnormality

(6,31) or may reveal a diffusely enlarged sella

without evidence ofa discrete tumor ( fig. 11- 1 ) ( 9 ).

In some patients, however, the imaging results

are interpreted as consistent with a pituitary

adenoma (5,8,15,27,34). Occasionally, supra-

sellar extension is found (5,8,15,34).

Morphologic Findings. Adenohypophysial

hyperplasia can be distinguished histologically

from adenoma with a reticulin stain ( 17,28). The
normal adenohypophysis is composed of acini

with a well-developed reticulin fiber network;

adenomas exhibit total breakdown of the

reticulin pattern (see fig. 2-3); and hyperplasia

results in expanded acini that preserve their

reticulin (fig. 11-2). There are cases in which

there is transition from hyperplasia to adenoma
(fig. 11-3). In hyperplasia, other nontumorous

cell types are recognized by their immunohisto-

chemical profile of hormone content. Electron

microscopy is not useful in distinguishing hyper-

plasia from neoplasia (12,24).

The distinction between nodular and diffuse

hyperplasia has been emphasized by some au-

thors. The differences are usually based on the

differential cell distribution of the various ade-

nohypophysial cell types; the geographic local-

ization of cells such as corticotrophs may lead to

“nodules” ofhyperplasia seen grossly by the sur-

geon or encountered histologically. Neverthe-

less, the criteria for the diagnosis ofhyperplasia

should be applied uniformly, whether the

changes are seen focally or throughout the gland.

Somatotroph or mammosomatotroph hyperpla-

sia has been reported mainly in patients with

ectopic secretion of growth hormone-releasing

hormone (GRH); chronic stimulation results in

proliferation of these cells but adenoma rarely

develops (9). Occasional cases of acromegaly are

due to somatotroph hyperplasia (figs. 11-4-11-6)

associated with hypothalamic gangliocytoma or

Figure 11-1

RADIOLOGY OF PITUITARY HYPERPLASIA
On Tl-weighted MRI there is diffuse enlargement of the

sella turcica but no discrete tumor is identified. ( Courtesy of

Dr. S. Ezzat, Toronto, Canada.)
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Figure 11-2

ADENOHYPOPHYSIAL
HYPERPLASIA: RETICULIN STAIN

The diagnosis of pituitary hyperplasia relies upon the

documentation of an expanded acinar architecture as delin-

eated by intact reticulin, compared to adenomas where there

is total breakdown of the reticulin fiber network.

Figure 11-3

ADENOHYPOPHYSIAL HYPERPLASIA
WITH ADENOMA: RETICULIN STAIN

In this patient with adenohypophysial hyperplasia there is

an associated adenoma with total reticulin disruption (bottom

left). In some patients, continued stimulation of the pituitary

results in transformation from hyperplasia to adenoma.

extrahypothalamic neoplasms that produce GRH
(figs. 11-7, 11-8) (3,29). Mammosomatotroph hy-

perplasia unassociated with a known GRH-pro-

ducing tumor has been reported in a young child

with gigantism (24) and in association with Mc-

Cune-Albright syndrome (19); the cause of the

hyperplasia is unknown, but it may reflect exces-

sive stimulation by GRH or, in some patients

with McCune-Albright syndrome, mutations re-

sulting in constitutive activation of the G pro-

teins that mediate GRH stimulation (35).

Lactotroph hyperplasia is physiologic in preg-

nancy (2). The progressive increase in lacto-

trophs is associated with a gradual reduction in

growth hormone mRNA. There is evidence that

somatotrophs are recruited to produce prolactin

as bihormonal mammosomatotrophs and possi-

bly even convert to lactotrophs (33). The patho-

logic counterpart, idiopathic lactotroph hyper-

plasia, is characterized by enlarged but intact

acini of adenohypophysial cells with a preserved

but distorted reticulin fiber network (14,26).

Most of the cells are chromophobic and contain

prolactin immunoreactivity in a juxtanuclear

globular distribution; occasional large, densely

granulated cells contain diffuse cytoplasmic pro-

lactin positivity. Other cell types are scattered

throughout the tissue. By electron microscopy,

stimulated lactotrophs with variable granular-

ity predominate and other cell types are seen

dispersed throughout the gland (14).

Corticotroph hyperplasia is associated with

some cases of Cushing’s disease, either alone or

with a corticotroph adenoma (17,22,23). It also

occurs in patients with untreated or inadequately

treated Addison’s disease (20). The distinction

from adenoma relies on the pattern of reticulin

staining as described above for other hyperplasias.
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Figure 11-4

HISTOLOGY OF
SOMATOTROPH HYPERPLASIA
This pituitary exhibits hyperplasia of ad-

enohypophysial cells. There are expanded
acini of cells that are almost entirely acido-

philic. The patienthad growth hormone excess.

Figure 11-5

HISTOLOGY OF SOMATOTROPH
HYPERPLASIA: RETICULIN STAIN
Although the histology resembles

somatotroph adenoma, the reticulin fiber

network is intact; the acini are dilated by the

cell proliferation.

Figure 11-6

IMMUNOHISTOCHEMICAL
LOCALIZATION

OF GROWTH HORMONE IN
SOMATOTROPH HYPERPLASIA

Immunostaining reveals diffuse positivity

for growth hormone in the majority of cells

within this pituitary of a patient with acro-

megaly but no evidence of adenoma. Inter-

spersed cells were also positive for other ade-

nohypophysial hormones.
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Figure 11-7

PULMONARY ENDOCRINE TUMOR PRODUCING
GROWTH HORMONE-RELEASING HORMONE
Apatient with acromegaly and somatotroph hyperplasiawas

subsequently diagnosed to have a pulmonary endocrine tumor.

Figure 11-8

PULMONARY ENDOCRINE TUMOR PRODUCING
GROWTH HORMONE-RELEASING HORMONE
The pulmonary endocrine tumor contains immunoreac-

tivity for growth hormone-releasing hormone. After resec-

tion of this tumor, the acromegaly subsided.

Thyrotroph hyperplasia occurs in cases of un-

treated primary hypothyroidism (4,8,10,15). The
number and size ofthe thyrotrophs are increased

(fig. 11-9). Periodic acid-Schiff (PAS) stains re-

veal positive droplets throughout the th3Totroph

cytoplasm (fig. 11-10). Although these lesions

clinically mimic pituitary adenoma, the reticulin

stain confirms an intact reticulin fiber network

(fig. 11-11). Thyroid-stimulating hormone (TSH)

immunoreactivity is faint but diffuse (fig. 11-12).

Thyrotroph hyperplasia often presents with

hyperprolactinemia (12) since it is associated

with lactotroph hyperplasia (fig. 11-13). Other

cell types are distributed throughout the gland

(fig. 11-14). By electron microscopy, the stimu-

lated thyrotrophs, known as “thyroidectomy

cells,” have abundant, dilated rough endoplasmic

reticulum and large Golgi complexes with re-

duced numbers ofsecretory granules ( 11) (see fig.

1-32). In the rat, there is evidence that at least

some of the thyroidectomy cells may derive from

a subset of altered somatotrophs which are

bihormonal (13); the morphologic changes are

reversible in the experimental animal.

Gonadotroph hyperplasia occurs in patients

with longstanding primary hypogonadism. In

these patients, “gonadectomy” or “gonad-defi-

ciency” cells can be recognized by light microscopy

as large, chromophobic, vacuolated cells with focal

PAS-positive granules. The cytoplasm ofthese hy-

perplastic gonadotrophs is almost totally filled

with dilated endoplasmic reticulum that con-

tains flocculent material.

Pathogenesis. The proliferative effect of

hypophysiotropic hormones on adenohypophys-

ial cells has been well established. GRH is known
to stimulate somatotroph proliferation (7) and

transgenic mice overexpressing GRH develop
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Figure 11-9

HISTOLOGY OF
THYROTROPH HYPERPLASIA

Hematoxylin and eosin staining reveals

enlarged acini composed of cells with poorly

defined cell borders and abundant pale eosin-

ophilic cytoplasm. These represent hjqDerplas-

tic thyrotrophs in a patient with primary hy-

pothyroidism. Smaller basophilic and
chromophobic cells intermingle with the hy-

perplastic cells.

Figure 11-10

HISTOLOGY OF
THYROTROPH HYPERPLASIA

The PAS stain documents the presence of

numerous PAS-positive droplets throughout

the c}d;oplasm ofh3rperplastic th3notrophs. The
thyrotroph hyperplasia was secondary to pri-

mary hypoth3rroidism.

Figure 11-11

HISTOLOGY OF
THYROTROPH HYPERPLASIA

The reticulin stain documents an intact

reticulin fiber network, in contrast to the total

breakdown seen in a pituitary adenoma.
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Figure 11-12

IMMUNOHISTOCHEMICAL
LOCALIZATION OF |3-TSH IN
THYROTROPH HYPERPLASIA

There is diffuse pale cytoplasmic stain-

ing for P-TSH in the majority of cells in this

hyperplastic pituitary of a patient with pri-

mary hypothyroidism.

Eigure 11-13

IMMUNOHISTOCHEMICAL
LOCALIZATION OF PROLACTIN IN

THYROTROPH HYPERPLASIA
Prolactin-immunoreactive cells are nu-

merous and prominent in the pituitary of a

patient with primary hypothyroidism and
thyrotroph hyperplasia. Lactotroph hyper-

plasia usually causes associated hyperpro-

lactinemia that can mimic prolactinoma.

Eigure 11-14

IMMUNOHISTOCHEMICAL
LOCALIZATION OF ACTH IN
THYROTROPH HYPERPLASIA

ACTH-containing cells are present in

normal numbers and are scattered through-

out the adenohypophysial acini that contain

hyperplastic and hypertrophic thyrotrophs.

The same pattern is seen with stains for GH
or the gonadotropin p-subunits.
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massive somatotroph and mammosomatotroph
hyperplasia (21,32). Similarly, corticotropin-re-

leasing hormone (CRH) stimulates corticotroph

proliferation in vivo (1). The effects of hypothy-

roidism on thyrotrophs have been shown in ani-

mals (13) and man (30); the lack of feedback

inhibition by th3rroid hormones and chronic hy-

pothalamic thyroid-releasing hormone (TRH)

stimulation together are known to result in thy-

rotroph hypertrophy and hyperplasia with

tumor formation. The essential role ofTRH stim-

ulation is suggested by the association of

lactotroph hyperplasia with thyrotroph prolifer-

ation (4,8,10,15). Similarly, gonadotrophs are

known to respond to loss of gonadal steroid reg-

ulation with proliferation (18,25).

The cause ofidiopathic lactotroph hyperplasia

remains unclear; although estrogen is known to

cause lactotroph proliferation ( 16), the patients

have no evidence of estrogen excess and the

response ofthis lesion to bromocriptine suggests

a possible loss of dopaminergic inhibition as an

etiologic factor.

Prognosis and Therapy. These disorders

are, with the exception of idiopathic lactotroph

hyperplasia, attributed to hormonal imbalances

that, when corrected, result in reversal of the

pituitary lesion.

CYSTS

Non-neoplastic cysts occur in the region of the

seUa. These lesions can mimic the empty sella S3m-

drome but unlike the arachnoid diverticulum ofthat

entity, they do not communicate with the sub-

arachnoid space. Cysts canbe mistaken for pituitary

adenoma due to similar clinical manifestations.

Rathke’s Cleft Cysts

Definition. These cysts are thought to originate

in the remnants of Rathke’s pouch. As reviewed in

chapter 1, Rathke’s cleft arises from the oropharynx

and migrates upwards, with anterior and posterior

limbs that ultimately give rise to the anterior and

intermediate lobes of the adenohypophysis, re-

spectively. In the human the intermediate lobe is

vestigial, and its remnants line small cystic cavi-

ties that are vestiges of the cleft. These cystic

structures are very common but usually measure

less than 5 mm in diameter (42). When they en-

Figure 11-15

RADIOLOGIC FEATURES OF RATHKE’S CLEFT CYST

On CT scan with contrast, the pituitary contains a cystic

lesion with rim enhancement at the periphery of the sella.

(Courtesy of Dr. J.M. Bilbao, Toronto, Canada.)

large and become detectable, however, they can

give rise to symptoms of a mass lesion.

Clinical Features. The cysts are usually de-

tected clinically only when they expand to cause

sellar compression (51,52), resulting in hypopi-

tuitarism and diabetes insipidus. They usually

present in adults but do occur in infants and

young children (39). Suprasellar extension re-

sults in visual field defects, oculomotor distur-

bances, and headaches; in severe cases, patients

have developed hydrocephalus and even aseptic

meningitis. There is a report ofabscess formation

within such a lesion (49). Rare cases of purely

suprasellar Rathke’s cleft cyst exist (37).

Radiologic Findings. Imaging usually dis-

closes the cystic nature of these lesions (fig.

11-15). CT scans reveal low density cystic areas

with capsular enhancement in most cases; the

MRI appearance is variable (43,46,52).
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Figure 11-16

HISTOLOGY OF RATHKE’S CLEFT CYST

The cyst lining is composed ofcuboidal epithelium. Immedi-

ately adjacent is nontumorous adenoh3rpophysial parenchyma.

Morphologic Findings. Morphologic exam-

ination reveals a cyst lining characterized by

ciliated cuboidal (fig. 11-16) or columnar epithe-

lium (fig. 11-17) resembling respiratory epithe-

lium, with occasional goblet cells and occasional

squamous elements (fig. 11-17). The degree ofcilia-

tion and the propensity for squamous metaplasia

distinguish these cysts from the neuroepithelial-

derived colloid cysts of the third ventricle.

Some pituitary adenomas have cystic elements

that resemble Rathke’s cleft cysts (41,47,48). It is

impossible to determine if this represents a co-

incidental association of the two lesions or tran-

sition of differentiation in a single neoplasm.

Prognosis and Therapy. The management
involves surgical drainage with or without par-

tial excision; the recurrence rate is low (52). Most

symptoms and signs are relieved postoperatively,

but permanent hypopituitarism and diabetes in-

sipidus require hormone replacement therapy.

Figure 11-17

HISTOLOGY OF RATHKE’S CLEFT CYST
The lining of this Rathke’s cleft cyst is composed of colum-

nar epithelium with areas of squamous metaplasia.

Arachnoid Cysts

Definition. These lesions may be congenital

anomalies or acquired cysts in the arachnoid of

the sellar and parasellar regions (50).

Clinical Features. Arachnoid cysts arise

within or above the sella turcica (40,45); they cause

pituitary compression and hormonal insuffi-

ciency in the former and are associated with

visual or neurologic defects in the latter.

Radiologic Findings. The cystic nature of

these lesions are evident on CT and MRI scans.

However, they may be difficult to distinguish

from other cysts that occur in this area.

Morphologic Findings. The cysts are filled

with clear, colorless fluid and are lined by arach-

noid laminar connective tissue with a single

layer of flattened epithelium.

Prognosis and Therapy. These cysts are

adequately managed by drainage with partial

cyst wall excision (40).
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Dermoid and Epidermoid Cysts

Definition. Dermoid and epidermoid cysts

arise from epithelial cells that are misplaced

during embryologic development or rarely, trau-

matically. Epidermoid cysts are also known as

cholesteatomas.

Clinical Features. Epithelial cysts can occur

intracranially, most commonly at the cerebello-

pontine angle, but often in the suprasellar area

where they cause hypopituitarism, often with

hyperprolactinemia due to stalk compression,

visual field defects, and nonspecific neurologic

symptoms (53). There is a report of a dermoid

cyst associated with an arachnoid cyst (38).

Radiologic Findings. Because of the cystic

nature of these lesions, evident on CT and MRI
scans, they may be difficult to distinguish from

other cystic lesions of this area.

Morphologic Findings. Epidermoid cysts

are fined by keratinizing squamous epithelium.

Dermoid cysts are distinguished by the addi-

tional presence of skin appendages, including

hair follicles and sweat glands.

Prognosis and Therapy. Management usu-

ally involves surgical resection. Complications of

delayed treatment include rupture with chemi-

cal meningitis due to keratin debris (36) or the

development of squamous carcinoma (44).

INFLAMMATORY LESIONS

Inflammatory lesions, ofinfectious or autoim-

mune etiology, also may mimic pituitary ade-

noma. These include sarcoidosis, the unusual

giant cell granuloma, and lymphocytic hypo-

physitis; the latter is frequently associated with

pregnancy and hyperprolactinemia and may be

confused with lactotroph adenoma (56,76,113,

114). Careful clinical and biochemical assess-

ment may avert the need for surgery in patients

with inflammatory disorders.

Lymphocytic Hypophysitis

Definition. Lymphocytic hypophysitis is a

rare chronic inflammatory lesion ofthe pituitary

gland. Many reports strongly support the origi-

nal suggestion of an autoimmune pathogenesis

of this lesion; it is associated with other autoim-

mune disorders, primarily thyroiditis and ad-

renalitis and, less commonly, atrophic gastritis

and lymphocytic parathyroiditis ( 120).

Clinical Features. More than 100 cases have

been reported since the first description of the

entity in 1962 (72). The disease shows a striking

female predilection of approximately 8.5 to 1 and

commonly affects young women during late preg-

nancy or in the postpartum period. The mean age

of presentation in females is 34.5 years while in

males it is one decade later (44.7 years) ( 120).

This disorder is frequently associated with

pregnancy and hyperprolactinemia and may
mimic prolactinoma (56). The inflamed gland is

enlarged and may even extend beyond the sella,

giving rise to mass effects such as headaches and

visual field impairment.

Biochemical Findings. Most patients have

partial or total adenohypophysial hypofunction.

Neurohypophysial involvement manifesting as

diabetes insipidus is rare but does occur.

Hyperprolactinemia is a normal finding dur-

ing pregnancy and the postpartum period, and

this explanation has been offered for the hyper-

prolactinemia that is frequently associated with

lymphoc5Ttic hypophysitis. However, there are

cases in which hyperprolactinemia occurred in

males and in females who were not pregnant or

breast feeding (120). This may be attributed to

stalk compression by a suprasellar mass in some
instances; alternatively, the inflammatory pro-

cess may directly alter dopamine receptors and

the tonic inhibitory effect ofdopamine on prolac-

tin release. An autoimmune mechanism involv-

ing the production of stimulating antibodies by

plasma cells may lead to increased hormone
secretion, analogous to the pathophysiologic

mechanisms implicated in Graves’ disease of the

thyroid (93,105); this was the subject of specula-

tion in one patient with elevated growth hor-

mone (GH) levels and lymphocytic hypophysitis

(77). Finally, diffuse destruction by the inflamma-

toiy process may in some cases result in escape of

hormone into the circulation. One case ofcombined

prolactin, GH, and thyroxine (T4) hypersecretion

in a young nulliparous woman has previously

been described in the literature (89).

Isolated corticotropin deficiency is rare, but it

represents the most common isolated type ofante-

rior pituitary hormone deficiency encountered in

patients with proven or putative lymphocytic

hypophysitis (64,68,81,109,111,112,121). Isolated
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Figure 11-18

RADIOLOGIC FEATURES OF
LYMPHOCYTIC HYPOPHYSITIS

Tl-weighted imaging ofthe sella in a patient with lympho-

cytic hypophysitis demonstrates a nonhomogeneous pituitary

mass with suprasellar extension that compresses the optic

chiasm upwards. This picture mimics pituitary adenoma.

thyrotropin-stimulating hormone (TSH) defi-

ciency has also been reported (64), and selective

absence ofgonadotropins has been described (57).

Radiologic Findings. In patients with lym-

phocytic hypophysitis, CT or MRI has revealed

features of an enlarging pituitary mass in up to

95 percent of patients (83 percent in a current

series) with frequent evidence of suprasellar ex-

tension ( 120). The radiographic appearance can-

not be easily distinguished from a pituitary ade-

noma (fig. 11-18). Recent reports, however, point

to some possible clues to the correct diagnosis on

MRI: loss ofthe hyperintense “bright spot” signal

of the normal neurohypophysis, thickening of

the pituitary stalk, and enlargement of the neu-

rohypophysis in cases in which the latter is also

involved (54,79). These radiographic criteria

need to be prospectively evaluated.

Bromocriptine administration may improve

visual fields and reduce elevated prolactin lev-

els, however, there is no evidence that it can alter

the size of the pituitary mass (120). Thus an at-

tempt at therapeutic control of a presumed pro-

Figure 11-19

HISTOLOGY OF LYMPHOCYTIC HYPOPHYSITIS
The pituitary tissue is infiltrated by lymphocytes and

plasma cells which aggregate and result in tissue destruc-

tion. There is stromal fibrosis; small clusters of residual

epithelial cells are identified.

lactinoma may serve as a diagnostic clue in

patients with hypophysitis.

Morphologic Findings. Gross Findings.

Gross inspection of the pituitary gland at au-

topsy in patients with prolonged disease reveals

atrophy, associated with atrophy ofpituitary tar-

get organs, the thyroid and adrenal glands.

Microscopic Findings. By light microscopy, this

disorder is characterized by a lymphoplasmacytic

infiltrate (fig. 11-19) which occasionally forms

lymphoid follicles and is accompanied by varying

numbers of neutrophils, eosinophils, and macro-

phages. The adenohypophysial parenchyma
shows variable destruction and oncocytic change.

The preserved cells are found in irregular islands

and small groups, isolated by a diffuse inflam-

matory infiltrate (figs. 11-20, 11-21) or fibrous
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Figure 11-20

HISTOLOGY OF LYMPHOCYTIC HYPOPHYSITIS
A chronic lymphocytic infiltrate surrounds pituitary

acini. Some of the epithelial cells show oncocjrtic change.

tissue (fig. 11-18); the fibrosis is variable and

likely correlates with the duration of disease.

Immunocytochemical analysis confirms the

presence of l3anphocytic markers such as leuco-

c}de common amtigen (LCA) in an infiltrate that

is invariable polyclonal with L-26, UCHL, and

kappa and lambda light chains. C}dokeratins and

hormones identify the residual adenohypophysial

cells (fig. 11-22); vasopressin, neurophysins, neu-

rofilaments, S-100 protein, and glial fibrillary

acidic protein (GFAP) indicate the presence of

neurohypophysial elements in the inflamed tissue.

Electron microscopy reveals adenohypophysial

tissue infiltrated by inflammatory cells ( figs. 11-23,

11-24), mainly plasma cells and lymphocytes. In

areas of severe inflammation, the inflammatory

cells intermingle with damaged adenohypophysial

cells that show degenerative changes, including

oncocytosis and crinophagy (fig. 11-25).

Figure 11-21

HISTOLOGY OF LYMPHOCYTIC HYPOPHYSITIS
L3miphocytes and plasma cells infiltrate the parenchyma of

the adenohypophysis. There is destruction of adenohypophysial

parenchyma with oxyphilic change of residual adenohypophys-

ial epithelial cells.

Differential Diagnosis. The distinction

from pituitary adenoma is clearly important but

is usually not morphologically difficult. The dif-

ferential diagnosis should include other inflam-

matory processes such as tuberculosis, sarcoido-

sis, syphilis, and giant cell granuloma, as well as

germinoma, lymphoma, and plasmacytoma (see

chapter 7). The presence of multiple granulomas

composed of epithelioid cells and multinucleated

giant cells generally distinguishes the other in-

flammatory conditions from lymphocytic hypo-

physitis. Sheehan’s syndrome (postpartum pitu-

itary necrosis), which may be associated with a

similar clinical presentation of gradually pro-

gressive postpartum hypopituitarism, should also

be considered in the differential diagnosis. This

disordercan easily be excluded ifthere is no history
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Figure 11-22

IMMLINOHISTOCHEMICAL LOCALIZATION
OF PITUITARY HORMONES

IN LYMPHOCYTIC HYPOPHYSITIS

Staining for growth hormone, as in this case, or any other

pituitary hormone, localizes the residual adenohypophysial

cells within the lymphocytic infiltrate.

ofa complicated delivery ( 116 ), and some patients

with presumed Sheehan’s syndrome but no clear

history of postpartum hemorrhage or sepsis may
have lymphocytic hypophysitis (61,67).

Prognosis and Therapy. Preoperatively, a

diagnosis of lymphocytic hypophysitis is rarely

suspected (69,99,102,108,120). This underscores

the lack of any specific and reliable diagnostic

clinical, biochemical, or radiographic markers

that facilitate the correct preoperative diagnosis.

For the time being, the majority of patients un-

dergo surgery, at which time the diagnosis is

established by histologic examination.

The natural history of lymphocytic hypophys-

itis is variable. Progressive severe and permanent

hypopituitarism reflective of the degree of de-

struction of hypophysial cells can result in se-

Figure 11-23

ULTRASTRUCTURE OF
LYMPHOCYTIC HYPOPHYSITIS

The pituitary is infiltrated by lymphocytes and plasma ceUs

that interdigitate with adenohypophysial cells. The epithelial

cells form nests and follicles but their ultrastructural appear-

ance is significantly altered by the inflammatory process.

vere complications and death. However, sponta-

neous partial or total pituitary function recovery

and mass resolution has been described in some

patients with morphologically documented or

clinically suspected lymphocytic hypophysitis

(59,78,80,94,96, 101,102,120). In these cases, the

hypopituitarism may have been due to compres-

sion ofhypophysial cells either by the inflamma-

tory infiltrate or edema, rather than to irrevers-

ible cell destruction.

The majority of patients, however, require ac-

tive treatment. Corticosteroid therapy has been

advocated to reduce inflammation, and has been

effective in some patients (60,90,100,117), how-

ever, its efficacy in this disorder remains uncer-

tain (99,108,120). Surgery should be performed

in cases associated with progressive compressive
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Figure 11-24

ULTRASTRUCTURE OF
LYMPHOCYTIC HYPOPHYSITIS

Plasma cells and lymphocjdes infiltrate among dispersed

adenohypophysial cells which show evidence of degenera-

tion. There is stromal fihrosis with collagen accumulation.

features or those in which radiographic or neuro-

logic deterioration is observed during conservative

management with corticosteroids and hormone

replacement (99,106). Transsphenoidal surgery is

both diagnostic and therapeutic. It has resulted in

amelioration ofsymptoms of a sellar mass in some

patients (120). Hyperprolactinemia (87,91,92,

100,105,107) and reduced pituitary function

(60,94,97) have also been reported to resolve fol-

lowing pituitary surgery in some cases. However,

surgical intervention has been associated with

further deterioration ofvisual field defects in one

patient (103) and may result in diabetes insipi-

dus and worsened hypopituitarism (120); it is

therefore essential that a frozen section diagnosis

ofthis entity should result in less aggressive resec-

tion of potentially viable pituitary tissue.

Figure 11-25

ULTRASTRUCTURE OF
LYMPHOCYTIC HYPOPHYSITIS

Degenerating adenohypophysial cells show crinophagy,

uptake of secretory material within complex lysosomes.

Pathogenesis. The pathogenesis of lympho-

C3dic hypophysitis has been attributed to auto-

immunity even from its first description (72).

The disease is associated with other endocrine

autoimmune phenomena. Circulating anti-

pituitary antibodies have been detected in a mi-

nority of patients with the disease (88,90,102,

123). The association of lymphocytic hypophys-

itis with pregnancy has been explained by the

documentation ofantibodies that react with non-

hormonal antigens in hyperplastic lactotrophs

(63). Hyperplasia and hyperactivity of lacto-

trophs in female patients can be attributed to

pregnancy; the association with pregnancy has

been attributed to hyperplasia of lactotrophs

that may trigger the immune response. Anti-

pituitary antibodies have also been detected in
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patients with the “empty sella syndrome” (84),

idiopathic GH deficiency (62,65), Cushing’s syn-

drome (115), and different autoimmune isolated

and polyendocrinopathies without hypophysitis

(63). In an isolated case ofACTH deficiency, the

presence of antibodies to corticotrophs were

thought to be directed against an antigen that

represents a cell-specific factor required for pro-

opiomelanocortin (POMC) processing (112).

Specific subtypes of the major histocompati-

bility complex (MHCs) human leukocyte anti-

gens (HLAs) that are correlated with a number
of autoimmune endocrine disorders have been

detected in patients with lymphocytic hypophys-

itis (56,69,73,90,95,98,103,104,118). It is likely

that HLA-DR genes are not responsible for the

genesis of the autoimmune response per se, but

may be closely related, in some subjects, with the

genes directly responsible (55).

Experimentally, subcutaneous injections of

human anterior pituitary gland homogenates in

Freund’s adjuvant produce a disease histologi-

cally characterized by focal lymphoid aggregates

and diffuse mononuclear cell infiltration of the

pituitary. Interestingly, this adenohypophysitis

was found to be more pronounced in pregnant

and lactating rats (85,86). Similar results have

been obtained by immunization of rabbits with

homologous pituitary tissue in complete

Freund’s adjuvant (83).

Other Inflammatory Disorders

Infectious Lesions. Acute and chronic infec-

tions in the sella turcica are rare but they do

occur, usually in association with sphenoid sinus

infection. Infection also can result from cavernous

sinus thrombosis, or may be attributable to spread

of otitis media mastoiditis or peritonsillar abscess.

Rarely, pituitary infection results from vascular

seeding of distant or systemic infection (58).

Pituitary tumors have been associated with the

development ofpituitary abscess (71); the infection

may not be detected clinically or may present as

pituitary apoplexy. Ithas been suggested thatbony

erosion by the tumor predisposes such patients to

the spread of sinonasal infection.

Granulomatous Hypophysitis: Giant Cell

Granuloma and Sarcoidosis. Granulomatous

inflammation of the pituitary can be caused by

tuberculosis, syphilis, or fungal infections; presen-

Figure 11-26

HISTOLOGY OF
GRANULOMATOUS HYPOPHYSITIS

The pituitary contains granulomas, aggregates of lym-

phocytes and epithelioid histiocytes with multinucleate

giant cells. There is almost total destruction of adenohypo-

physial tissue.

tation in these cases as a primary pituitary mass

is rare and the lesion is usually an incidental

autopsy finding. In contrast, pituitary granuloma-

tous inflammation as the primary manifestation

of sarcoidosis or isolated localized granulomatous

inflammation, known as giant cell granuloma,

can present with sellar enlargement and hypo-

pituitarism, mimicking a clinically nonfunc-

tional pituitary adenoma (66,74,110,119,122).

Histologically, these lesions are characterized

by the formation of granulomas, aggregates of

lymphocytes and epithelioid histiocytes with

multinucleate giant cells (figs. 11-26-11-28). In

every case, the possibility ofunderlying infection

must be excluded.

The etiology of isolated giant cell granuloma is

unknown. It has been suggested that it represents
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Figure 11-27

HISTOLOGY OF
GRANULOMATOUS HYPOPHYSITIS

A large granuloma exhibits early central necrosis in a

patient with sarcoidosis.

an autoimmune phenomenon, related to lym-

phoc5rtic hypophysitis (74,82), but as yet there is

no evidence to support this postulate.

Granulomatous hypophysitis has been associ-

ated with a prolactinoma in one case (75); it

remains unclear if this was a coincidental asso-

ciation or if the inflammation represented a re-

sponse to the tumor.

Inflammatory Pseudotumor. A lesion sim-

ilar to orbital pseudotumor characterized by

chronic inflammation and fibrosis has been re-

ported to involve the sella turcica amd parasellar

tissues, causing hypopituitarism and mimicking

a neoplastic process (70). The patient was subse-

quently found to have a similar mediastinal le-

sion, indicating that the sellar location is yet

another site of the family of sclerosing lesions

Figure 11-28

HISTOLOGY OF
GRANULOMATOUS HYPOPHYSITIS

A granuloma with giant cells is surrounded by trapped

acini of residual adenohypophysial cells.

that also include Riedel’s thyroiditis, retroperi-

toneal fibrosis, and sclerosing cholangitis. The
etiology and appropriate management of these

disorders remains uncertain.

MISCELLANEOUS
TUMOR-LIKE LESIONS

Aneurysms

Aneurysms of the carotid arteries can expand

to give rise to masses in the suprasellar region

(fig. 11-29), resulting in pituitary insufficiency

and visual field defects that mimic pituitary

adenoma ( 125). Angiography may be required to

confirm the diagnosis (fig. 11-30). It is critical to

distinguish these vascular malformations from

pituitary tumors prior to surgery to avoid severe

intraoperative bleeding.
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Figure 11-29

RADIOLOGIC FEATURES
OE INTERNAL CAROTID
ARTERY ANEURYSM

Conventional radiographic
techniques like this CT scan indi-

cate a parasellar mass that could

be mistaken for a pituitary tumor.

(Courtesy of Dr. J.M. Bilbao, To-

ronto, Canada.)

Meningoencephalocele

Encephaloceles in the sella turcica are rare

but have been reported to cause hypopituitarism

and a mass lesion ( 124). The diagnosis must be

made by radiography to prevent attempted bi-

opsy which could result in major complications.

Hamartomas

Salivary gland rests occur in the posterior lobe

ofthe pituitary and are usually incidental autopsy

findings ( 129). They are attributed to the oropha-

ryngeal development of Rathke’s pouch. Large le-

sions are symptomatic ( 127); they can cause hypo-

pituitarism and mass effects with suprasellar

extension and cyst formation. A recent report sug-

gests that these rests may rarely give rise to sali-

vary gland-like tumors in the sella ( 126).

An unusual pituitary choristoma composed of

pituitary corticotrophs associated with heterotopic

adrenocortical cells has been reported as a sellar

mass associated with reduced adenohypophysial

function, mimicking a pituitary adenoma ( 128 ).

Parathyroid Bone Lesion (“Brown Tumor”)

A patient with hyperparathyroidism and
chronic renal failure was found to have destruction

of the sella and parasellar structures associated

with hyperprolactinemia. This pattern suggested

Figure 11-30

RADIOLOGIC FEATURES OF INTERNAL
CAROTID ARTERY ANEURYSM

Angiography of the lesion illustrated in figure 11-29

confirms that this is an aneurysm rather that a tumor.

(Courtesy of Dr. J.M. Bilbao, Toronto, Canada.)
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an invasive pituitary prolactin-producing ade-

noma. However, at surgery no tumor was found

and biopsy of the sphenoid bone revealed the

characteristic changes of osteitis fibrosa cystica.

An ectopic pituitary adenoma was found in the

clivus. This case indicates that a parathyroid

bone lesion may be mistaken for pituitary ade-

noma in unusual circumstances (130).
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definition, 149

morphologic findings, 149

pathogenesis, 149

prognosis and therapy, 149

radiologic findings, 149

metastatic, see Metastasis

Cholesteatomas, 199

Chondroma, 184

Chondrosarcoma, 184

Chordomas

clinical features, 160

definition, 160

differential diagnosis, 162

morphologic findings, 161, 161

prognosis and therapy, 162

radiologic findings, 161, 161

Choristoma, see Gangliocytoma, Hamartomas, and
Tumor, granular cell

Classification

anatomic or radiologic, 49, 50-52

clinicopathologic, 54, 54

functional, 49

histologic, 50

immunohistochemical, 52, 53

ultrastructural, 53

Clonality, 130

Cornelia de Lange syndrome, 8

Corticotroph adenoma, see Adenoma, corticotroph

Corticotrophs, 20, 21
,
22

hyperplasia, 192

Craniopharyngioma

biochemical findings, 167

clinical features, 167

definition, 167

differential diagnosis, 170

gross findings, 167, 168
,
169

malignant craniopharyngioma, 172

microscopic findings, 167, 169-171

pathogenesis, 170

prognosis and therapy, 172

radiologic findings, 167, 168

Crooke’s cell adenoma, 96, 100 , 101

Crooke’s hyalinization, 23
,
24

Cushing’s disease, 91, 92-94 ,
155

Cysts, 197

Cytodifferentiation, see Adenohypophysis

Cytokeratms, 21, 31, 32, 43, 58, 63, 63 , 64, 66 , 77,

80
, 95, 96

, 99, 112, 113
, 162, 168, 170

,
201

Cytokines, 31

Cytology, 37-39, 38 , 39

Dermoid and epidermoid cyst

clinical features, 199

definition, 199

morphologic findings, 199

prognosis and therapy, 199

radiologic findings, 199

Diagnosis, practical, 42

Diabetes insipidus, 70, 84, 126, 159, 167, 173, 179, 187,

197-199, 203

Diaphragma sellae, 4, 5

Dystopia, 8

Ectopic adenohypophysical tissue, 8, also see

Adenoma, ectopic

Electron microscopy, 41

Embryology, 7, 7

Empty sella syndrome, 4, 5

Enchondroma, 184

Epidemiology, 47, 47^9
Epidermoid cyst, see Dermoid and epidermoid cyst

Estrogen receptor, 31, 64, 74, 158

Fibroma, chondromyxoid, 184

Flow cytometry, 42

Follicular cells, 27, 28

Folliculostellate cells, 28, 28

G-proteins, 130, 131

Galactorrhea, 155

Gangliocytoma, hypothalamic, 152, 152, 153, 155

Germ cell tumor, see Tumor, germ cell

Giant cell granuloma, 204, 204, 205

Gigantism, 55, 124

Gliomas

clinical features, 156

definition, 156

differential diagnosis, 157

morphologic findings, 157, 157
,
158

prognosis and therapy, 158

radiologic findings, 157

Glomangioma, 183, 183

Goiter, 64

Gomitoli, 5, 6, 183

Gonadotroph adenoma, see Adenoma, gonadotroph

Gonadotrophs, 24, 26
,
27

h3rperplasia, 194,

Granular cell tumor, see Tumor, granular cell

Grave’s disease, 86

Growth factors, 31, 32, 131

Hamartomas, 151, 206

Hand-Schuller-Christian disease, see Langerhan’s

cell histiocytoses

Hemangioblastoma, 184

Hemangioma, benign cavernous, 183

Histiocytosis X, see Langerhan’s cell histiocytosis

Histology and immunohistochemistry, 39, 40

Hypergonadism, 103

Hyperplasias

clinical and biochemical findings, 191

definition, 191

morphologic findings, 191, 192-196

pathogenesis, 194

prognosis and therapy, 197

radiologic findings, 191, 191

Hyperprolactinemia, 49, 56, 69, 71, 72, 83, 84, 86, 112, 124,

125, 149, 156, 158, 162, 167, 179, 191, 194, 199, 206

Hyperthyroidism, 19, 64, 86, 90, 124, 125, 149, 156, 191

Hypogonadism, 103, 109
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Hypophysitis, granulomatous, 204, 204 ,
205

Hypophysitis, lymphocytic

biochemical findings, 199

clinical features, 199

definition, 199

differential diagnosis, 201

morphologic findings, 200, 200-203

pathogenesis, 203

prognosis and therapy, 202

radiologic findings, 200, 200

Hypoplasia, 8

Hypothalamus, anatomy, 8

Hypothyroidism, 14, 19, 20, 86, 90, 109, 191, 194, 195

Infectious lesions, 204

Inflammatory pseudotumor, 205

Infundibulum, 3, 4

Intraoperative consultation, 37, 38
,
39

Invasive adenoma, 47, 48-50

Kallmann’s syndrome, 27

Keratins, see Cytokeratins

Lactotroph adenoma, see Adenoma, lactotroph

Lactotrophs, 14, 15
,
16

hyperplasia, 192

idiopathic, 192

Langerhans’ cell histiocytosis

clinical features, 179

definition, 179

differential diagnosis, 179

morphologic findings, 179, 180

prognosis and therapy, 179

radiologic findings, 179

Lesions

infectious, 204

inflammatory, 199

Lipoma, 184, 184

Lymphoma and leukemia

clinical features, 177

definition, 177

differential diagnosis, 177, 178

morphologic findings, 177, 177
,
178

prognosis and therapy, 179

radiologic findings, 177

Malignancy, 149

Mammosomatotroph adenoma, see Adenoma,
mammosomatotroph

Mammosomatotrophs, 17, 17
,
18

hyperplasia, 192

McCune-Albright syndrome, 192

Meningiomas

clinical features, 158

definition, 158

differential diagnosis, 158

morphologic findings, 158, 159

prognosis and therapy, 159

radiologic findings, 158

Meningoencephalocele, 206

Metastasis, 149, 187, 188
,
189

Molecular analysis, 42, 130

Multiple endocrine neoplasia (MEN), 126

Myoblastoma, granular cell, see Tumor, granular cell

Nebenkern formations, 74

Nelson’s syndrome, 92, 92 , 97

Neoplasms, metastatic, sellar region

definition, 187

differential diagnosis, 189

epidemiology and clinical features, 187

morphologic findings, 187, 187
,
188

prognosis and therapy, 189

Nerve Supply, 7

Neurilemmoma, see Schwannomas
Neurinoma, see Schwannomas
Neurohypophysis, 8, 10

,
11

anatomy, 8, 10
,
11

Null cells, 29, 116, 120
,
122

Octreotide, 67, 69

Oncoc3des, 29

Oncocytoma, 119, 119
,
121

Oncogenes, 130

P-53, 131, 149

Parathyroid bone lesion, 206

Pathology, 37

Pharyngeal pituitary, 8

Pit-1, 29, 31, 58, 63, 64, 74

Pituicytes, 10

Pituic3doma, granular cell, see Tumor, granular cell

Ploidy, 42, 50

Precocious puberty, 155

Prolactinoma, 48, 72

Psammoma bodies, 73, 159

Ras genes, 131, 149

Rathke’s cleft cysts

clinical features, 197

definition, 197

morphologic findings, 198, 198

prognosis and therapy, 198

radiologic findings, 197, 197

Rathke’s pouch, 7

Retinoblastoma gene, 131

Salivary gland, 8, 206

Sarcoidosis, 204, 205

Sarcoma, 86, 161, 162, 184

alveolar soft part, 184

Schwannomas, also see 'Tumor, granular cell

clinical features, 162

definition, 162

differential diagnosis, 162

morphologic findings, 162

prognosis and therapy, 162

radiologic findings, 162

Sella turcica, 1, 4, 5, 7, 47, 49, 57, 69, 71, 84, 93, 99
103, 125, 128, 129, 173, 177, 183, 191

Sheehan’s syndrome, 201

Silent subtype III adenomas, 43, 50, 125, 125
,
132

Somatostatin, 8, 56, 67, 68, 86, 131
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Somatotroph adenoma, see Adenoma, somatotroph

Somatotrophs, 12, 13, 14

hyperplasia, 191, 192 , 193

Steroidogenic factor (SF), 31, 64, 74

Teratoma, 173-176

Thyrotroph adenoma, see Adenoma, thyrotroph

Th3TOtrophs, 18, 18-20

hyperplasia, 194, 195
,
196

Tissue culture, 41

Transcription factors, 29, 31

Tumor, fibrous tissue, fat, bone and cartilage, 184

Tumor, germ cell

clinical features, 173

definition, 173

differential diagnosis, 175

morphologic findings, 173, 173-175

prognosis and therapy, 176

radiologic findings, 173

Tumor, giant cell, 184

Tumor, granular cell

clinical features, 159

definition, 159

differential diagnosis, 160

morphologic findings, 159, 160

prognosis and therapy, 160

radiologic findings, 159

Tumor, hematologic, 179

Tumor, neuronal

clinical features, 151

definition, 151

differential diagnosis, 156

gross findings, 151

histologic findings, 151, 152, 153

immunohistochemical findings, 152, 153, 154

pathogenesis, 156

pituitary morphology, 155

prognosis and therapy, 156

radiologic findings, 151

ultrastructural findings, 154, 155, 156

Tumor supressor genes, 130

Tumor, vascular and mesenchymal

clinical and radiologic findings, 183

definition, 183

morphologic findings, 183, 183
,
184

Tumorigenesis

growth factors, 131

hormonal basis, 129

molecular basis, 130

clonality studies, 130

oncogenes and tumor suppressor genes, 130

Tumor-like lesions, 205

Vascular supply, 5, 6

Vascular tumors, 185, also see Tumors, vascular

and mesenchymal

glomangioma, 185

hemangioblastoma, 185

hemangioma, benign cavernous, 185
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